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INTRODUCTION 
Biological pedoturbation is a process o f  soil  
formation which has not been studied extensively . 
Pedoturbation is the physical andjor biological mixing o f  
s o i l  material which tends t o  homogeni z e  s o i l  color and 
reduce soil  morphol ogy differences in the soil solum . 
Pedoturbation is o ften a sub-surface or scarcely-noticeable 
soil surface activity , yet many studies deal ing with soil 
mixing are based on surface observations o f  disp laced soil 
without cons idering soil profile changes below the surface 
in determining the volume of soil disturbed by mixing . 
Black-ta iled prairie dogs ( Cynomys ludovicianus) 
are burrowing rodents that alter soil devel opment on 
gently-slop ing , shortgrass areas o f  the Great Pl a ins . The 
construction of "mounds "  of soil is characteristic for this 
species , the result of burrowing into soil surfaces , 
subsoil tunnel ing , and concurrent soil excavat ion . The 
amount o f  excavated subsoil redepos ited on the original 
soil surface increases with time as burrowing act ivity 
alters subsoil devel opment and as new burrows are con­
structed in the same tunnel system . 
S o i l s  which are part of or underneath mound surface 
soils are chemical ly and phys ically di fferent compared to 
soil derived from the same parent material in the absence 
· of pedoturbat ion . The mound soil is genera l ly l ighter in 
/ 
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color , coarser-textured , higher in pH , l ower in organic 
matter , variab l e  in nitrogen content , and marked as  a s ite 
of phosphorus accumulation by the addition of feca l , 
carcass ,  and pl ant res idue wastes over time . Phosphorus 
accumulation in mound soil due to its relative chemical 
immobil ity would depend on the length of time . a  mound has 
been used by prairie dogs . 
The obj ectives of this study were : 
1 .  To examine soil development within sel ected prairie 
dog mounds compared to adj acent , non-mixed soil pro f i les . 
2 .  To chemical ly analyz e mound and adj acent non-mound 
soils in determining laboratory analyses wh ich most con­
s istently measure the length of time a mound has been used . 
3 .  To estimate relat ive ages of studied mounds from mound 
surface area , underlying subsoil mixing , surface soil 
color and pH distribution , and from accumulation o f  total 
phosphorus in mound soils . 
REVIEW OF THE LITERATURE 
Geography and Cl imate 
The Black Hi l l s  of west-central South Dakota and 
northeastern Wyoming encompass an irregularly-shaped area 
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of about 5 , 6 5 0  square kilometers within 4 3 -4 4  degrees North 
latitude and 1 0 3 - 1 0 4  degrees North longitude ( Darton and 
Paige , 1 9 2 5 ) . The H i l l s  rise up from surrounding grasslands 
to a maximum height of 2 , 2 07 meters · at Harney Peak , 
with ridges and val l eys vegetated largely by ponderosa 
pine {Pinus ponderos a ) . 
The Black Hi l l s  are located in the semiarid Great 
Plains , but have a semiarid to subhumid cont inental cl imate . 
Precipitation ranges from high to low moving from the 
central part of the Hil l s  towards the adj acent grasslands , 
with an average o f  7 5  em per year at Deadwood , so . to 
3 5-4 0 em annually in the plains (Johnson , 19 4 9 )  . A 
maj ority o f  the prec ip itation fal ls in intermittent rains 
during the · late spring and early summer months . 
Temperatures typical ly fluctuate greatly from over 
3 7  degrees c in summer �own to near -4 0 degrees c in 
winter ( Feldman and Heiml ich , 19 8 0 ) . Thermal invers ions 
during winter often moderate temperatures . Phys ical 
weathering processes hav�· contributed to the development 
of sharp , angular landforms found in this cl imate . 
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Vegetation 
The dense forest vegetation of the Hi l l s  gives 
them a "black" appearance when viewed from a dis tance 
( Newton and Jenny , 1 8 8 0 ) . Ponderosa pine forest makes up 
about 9 5  percent o f  forested area , with whi:t.e spruce ·( Picea 
glauca ) compris ing about 4 percent of the coni ferous 
timber . Spruce i s  the dominant tree on rel atively 
moist s ites ( north aspects , higher elevations , and 
stream bottoms ) ,  especially in the northern reaches 
of the Limestone Plateau . 
Isolated stands of Rocky Mountain j uniper 
(Juniperus s?opulorum) , lodgepole pine ( Pinus 
contorta var . l at i folia ) , and l imber pine ( Pinus 
flexi l is ) · occur as  codominant or subordinate coni fers 
( Thilenius , 1 9 7 1 ; 1 9 7 2 ) . Important deciduous tree species 
include quaking aspen ( Populus tremloides ) ,  o ften found 
on old burn s ites e·ither alone or in combination with paper 
birch ( Betula papyri fera ) or as a subordinate to ponde­
rosa p ine , and bur oak ( Quercus macrocarpa ) , found along 
the northeastern foothills and on relatively dry s l opes at 
moderate e l evation in the northern Hil l s  ( Thilenius , 19 7 1 ) . 
Numerous ridges occur where the outer edge o f  the 
Limestone Pl ateau merges with the Red Val l ey ( Gartner and 
Thompson , 1 9 7 3 ) . The predominance of warm-season grasses 
there was termed a "mixed prairie . . .  bunchgrass subcl imax" 
by Mcintosh ( 19 49 ) . Based on the degree o f  s ite 
disturbance , a wide variety o f  grasses were found , 
including true pra irie grasses and subcl imax bunchgrasses . 
The former are represented by j unegrass ( Koeleria 
cristata ) , needlegrasses ( Stipa comata , Stipa spartea , 
Stipa viridula ) ,  wheatgrasses (Agropyron smith i i , 
Agropyron cristatum ) , gramagrasses ( Bouteloua gracil i s , 
Bouteloua curtipendula , Bouteloua hirsuta ) and buf falo­
grass ( Buchloe dactyloides ) ,  while the latter class i fi ­
cation was composed o f  l ittle bluestem ( Schi z achyrium 
scoparium ) , big bluestem (Andropogon gerardi i ) , indian­
grass ( Sorghastrum nutans ) ,  prairie dropseed ( Sporobolus · 
heterolepis ) , stoneyhills  muhly (Muhl enbergia cuspidata ) ,  
sedges ( Carex � ) , and bluegrasses ( Poa �). 
Mcintosh further noted that : 
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"The bunchgrass association forms a z one intermedi­
ate between the mixed prairie. forest . . .  " 
and in the absence o f  natural disturbance ( fire ) that : 
" . • .  pines ( Ponderosa pine ) are invading thi s  grass­
land and probably represent the cl imax vegetation 
of the area , but here and there are openings acres 
in extent covered by tall  grasses . "  
Important forbs include white sage ( Artemisia 
ludoviciana ) ,  s ilvery wormwood (Artems ia frigida ) , scurfpeas 
( Psoralea � ) , goldenrod ( Sol idago�) , scarlet globe­
mal l ow ( Sphaeralea coccinea ) , and prair�e dogweed ( Dyssodia 
. papposa ) , with other forbs and shrubs of local importance . 
Bison ( Bison bison ) , pronghorn antelope 
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(Antilocapra americana ) , mule deer ( Odocoileus 
hemionus ) ,  whitetail. d�er ( Odocoileus virginianus ) ,  
and elk ( Cervus canadens is ) graze freely over l arge 
areas of Wind Cave National Park , the former two species 
commonly associated with prairie dog towns , ·a lthough Lovaas 
( 19 7 2 ) concluded that antelope avoided heavi ly-graz ed 
dog towns because the abundant forbs found there were a 
minor part o f  the antelope diet . 
Geology 
Primary references describing detai l s  o f  Black 
Hi l l s  geology are few in number ( Feldman and Heiml ich , 
1 9 8 0 ) . Ludlow ( 18 7 5 )  and Newton and Jenny ( 1 8 8 0 )  comp iled 
the earl iest comprehens ive geological records , but the work 
of  Darton and Paige ( 1 9 2 5 ) is generally accepted as  being 
the most descriptive Hil l s  geology reference ( Fe ldman and 
Heiml ich , 1 9 8 0 ) . 
The interior Black Hills are a dome-shaped 
arrangement of exposed Pre-Cambrian age schists and s l ates 
with intrus ive masses of granite ( Feldman and Heiml ich , 
1 9 8 0 ) , referred to as the central crystal l ine core , dis­
sected by scattered ridges and val leys . The core is en­
compassed by large limestone ( Limestone Plateau ) and sand­
stone outcrops which ext�nd in wide bands on the western 
. s ide of the Hil l s  and are very narrow to the east . 
Encircl ing the Limestone Plateau ne�r the margin o f  the 
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Hil l s  is a relatively l evel bas in of more readi ly-
weathered , f iner-textured reddish shale known as  the Red 
Val l ey or " Racetrack" ( Darton and Pa ige , 19 2 5 ; Gartner and 
Thompson , 1 9 7 3 ; Feldman and Heiml ich , 1 9 8 0 ) . The perimeter 
of the Hil l s  is marked by a long , narrow hogback ridge 
( Dakota Hogback) of Mesozo ic-age shales and sandstones from 
1 , 2 00 to 1 , 4 5 0  meters in elevation ( Darton and Paige , 1 9 2 5 ) . 
History o f  Fire and Extent o f  Forest in the Black H i l l s  
The importance o f  wildfires caused b y  l ightning in 
the Hil l s  was-re ferred to in the descript ions o f  early 
exp lorers in the area ( Ludl ow , 1 87 5 ; Dodge , 1 8 7 6 ; Newton 
and Jenny , 1 8 8 0 ) . Dodge ( 18 7 6 )  related the occurrence of 
l ightning-caused fires to the distribution of forest through 
his observations : 
" The number o f  trees which bear the marks o f  the 
thunderbolt is very remarkable , and the strongest 
proof of the violence and frequent recurrence of  
these storms • . .  forest openings , larger or sma l ler , 
somet imes several mi les in extent and very 
irregular in shape . • .  •parks• . . .  caused by fires . A 
forest is destroyed ( by fire) . In a few years 
another fire destroys the young growth . . .  this 
happens several times at interval s  of a few years , 
e ffectual ly destroys both roots and seeds , and con­
verts pine forests into parks . "  
Newton and Jenny ( 18 8 0 )  also noted the interaction 
between fire and forest : 
" Often . . .  trees showing unmistakable marks o f  
l ightning would b e  seen . . .  some portions o f  tne 
parks and val l eys , now destitute o f  trees , show by 
the presence of charred and decaying stumps that 
they were once covered by forest , but general ly the 
pine springs up again as soon as it is burnt o f f , 
-. 
though sometimes it is succeeded for a t ime by 
thickets of sma l l  aspens . "  
Mci ntosh ( 19 2 7 )  recognized that "within the last 
5 0  years man , f ire , and the Black Hills ( pine) beet l e  have 
been the most potent agents in altering the Black Hil l s  
flora . . .  " 
Black-tai led prairie dogs are among the mammal s  of 
the Hil l s  region that are attracted to park-l ike areas of 
shortgrass vegetation which occur following f ire or over-
graz ing ( Schripsema , 1 9 7 7 ; Garrett , 1 9 8 2 ) . The regrowth 
o f  des ireable.forbs and the el imination o f  tal l grasses , 
shrubs , and trees for better visibil ity in l ocating 
predators a ids prairie. d_ogs in colonization of areas 
adj acent to existing dog towns . Repeated burning o f  an 
area wil l thin or el iminate woody plant spec ies , thus 
ma inta ining grassland dominance in environments where 
woody vegetation would encroach into grass in the absence 
of fire ( Humphrey , 1 9 5 8 ) . Fire also commonly favors forb 
growth ( Biswel l ,  197 3 ) , which constitutes a s i z eable share 
o f  the pra irie dog diet ( Ke l so , 19 3 9 ; Ko ford , 1 9 5 8 ; Uresk , 
19 8 4 ) . 
Rea l istica l ly , most modern l iterature deal ing with 
forest-grassland interactions concerns expans ion o f  forest 
into grassland due to the emphasis placed on fire control 
in forested publ ic-use areas of the western United States 
( Biswel l ,  1 9 7 3 ; Gartner and Thompson , 19 7 3 ) . . Comparison 
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o f  photos· from e�rly Bl ack Hi l l s  expeditions with those 
taken more recently allow for the study o f  vegetation 
changes ( Progulske , 1 9 7 2 ; Gruel l ,  197 3 ) , as do topographic 
maps of study areas (United States Geological Survey , 
1 9 5 7 ; 1 9 7 9 ) . Gartner and Thompson ( 19 7 3 ) recorded 
ponderosa p ine encroachment in the Red Val l ey on uplands 
where l ittl e  bluestem was dominant , but not at s ites where 
western wheatgrass prol i ferated . Di fferences in root 
growth habits and soil texture between the Red Val ley and 
adj acent uplands were thought to be maj or factors in 
grassland- forest z onation there . White et al . ( 19 6 9 ) 
examined s o i l s  in pra irie and forested areas o f  the Bl ack 
Hil l s  and concluded that most areas of the H i ll s , regard­
iess of present vegetation , were under forest at one time , 
and that s o i l s  were not the only factor l imiting p ine 
establ ishment in grasslands . Dense ndoghair" stands o f  low­
qual ity pine crowd out grass species , caus ing a reduction 
in qual ity . and quantity of grassland production in areas 
of non-managed timber ( Thompson and Gartner , 1 9 7 1 ) . The 
most active ponderosa pine encroachment in the Hil l s  is in 
the trans ition area from the Limestone Plateau to the Red 
Val l ey and on the hogback ridge , with one . landowner est i ­
mating that pine encroachment had extended about 2 . 5  
kilometers from the outer slope to the outs ide o f  the 
hogback in 5 8  years ( Gartner and Thompson , 19 7 3 ) . 
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Phosphorus Accumulation in S o i l  
Analys is o f  soils subj ect t o  non-mechanical 
pedoturbation has largely been undertaken as  part o f  
discovery o f  or investigation o f  abandoned human settle­
ments . Chemical additions to soil by natural activities 
include nitrogen , phosphorus , potass ium , and l es ser 
amounts o f  cal cium , magnes ium , and sul fur . Nutrients are 
accumul ated from excreta , burials ,  and other forms o f  
refuse . S o i l  enrichment by such activity can increase 
phosphorus and nitrogen levels ten percent relat ive to 
natural soil concentrations ( E idt , 1 9 8 4 ) . 
Phosphate analysis may be ideal in deter-
mining the l ocation and estimated age of disturbed soil , 
provided the phosphate accumulates uni formly over the 
period of time the mound is inhabited and is fixed by the 
predominant soil cations at the s ite of depo s it ion . 
Phosphorus is a primary part of plant and an imal matter 
and is more available as phosphate in near-neutral pH 
soils (Waggamann , 19 69 ; Eidt , 197 7 ) . 
Prairie dog pedoturbat ion activity could be 
clas s i fied as propedisotropic , ( Hole , 19 6 1 )  or soil  mixing 
that impedes soil formation by homogeni z ing two or more 
hori z ons of a soil pro file . Body excreta , food caches , 
and dead pl ant and animal l i fe enhanced soil phosphorus 
contents in Baxter and Hole ' s  ( 19 67 )  study of ant and 
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earthworm· pedoturbation . Further dif ferences between con­
structed mounds and surrounding soil have been found for 
many soil chemical and physical properties ( Thorp , 1 9 4 9 ; 
Buntl ey and Papendick , 19 6 0 ; Hol e , 19 8 1  with an extens ive 
bibliography ) , yet most observations were made concerning 
micro fauna! activity ( espec ial ly ants and earthworms ) .  It 
is des irable to analyze soil samples in l ayers to estimate 
rel ative duration of soil phosphorus at a disturbed s ite , 
and also at interval s  horizontal ly on a landscape to mark 
areal extent o f  pedoturbation and phosphorus accumulation 
( E idt ,  1 9 8 4 ) . 
So il-phosphate level s at or near mound s ites can be 
used as indicators of  the age of mound material s . Puecker 
( 19 68 )  documented the work of J .  G . . Kohl , emphas i z ing Kohl ' s  
concentric ring theory of  settlement analysis . The closer 
a samp l ing s ite is to the midpoint of. a settlement , the 
greater is the dens ity of built units and the degree of 
disturbance , and the older the structure built there . An 
older mound s ite would l ikely have a phosphorus content 
higher than adj acent non-mixed soil and higher than more 
recently-constructed mounds due to the cumul ative e f fect 
phosphorus would have over time on the mounded soil . The 
interpretation o f  so il phosphate chemistry has emerged as 
a new tool in detection and analys is of  abandoned settle­
ments ( Eidt , 1 9 8 4 ) , and has proven useful in studied compar­
isons between di sturbed and non-disturbed soil pro files . 
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The highest animal percentages of phosphorus are 
found in bone . Animal wastes are l ikewise high in phos ­
phates ( Waggamann , 1 9 69 ) . For soil parent material s , 
igneous rocks contribute the greatest amount o f  total 
phosphate , about 1 , 0 0 0  mg Kg- 1  elemental phosphorus as an 
average ( McKelvey , 1 9 7 3 ) . Sedimentary rocks range from 
0 to 1 , 5 0 0  mg Kg- 1  elemental phosphorus in some sandstones 
and l imestones , with metamorphic rocks containing s imilar 
amounts o f  phosphorus as their unaltered parent material s 
( Gotterman , 197 3 ) .  Sources o f  phosphate addition present 
the most re!"iable data for identifying intens ity o f  s ite 
use ( Eidt ,  1 9 8 4 ) . Although vegetation removal from prairie 
dog mound areas during habitation would decrease phosphate 
addition to soil from plant sources , large phosphate inputs 
to mound areas in food caches , fecal -urine , and carcass­
bone additions could mark mounds over time as  s ites of 
phosphate accumulation . 
Pra irie Dogs 
Black-tailed prairie dogs are herbivorous rodents 
of  shortgras s  prairie in the central Great Plains of North 
America ( Costel l o , 19 7 0 ) . They occur as social units in 
colonies or "dog towns " ,  .us ing excavated subsoil and topsoil 
mixed together to form conical , asymmetrical ly-shaped 
mounds . Mounds of mixed subsoil and topsoil are re ferred 
to as crater mounds , while the larger dome mounds are 
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composed entirely of subsoil ( Tileston and Lechle itner , 
19 6 6 ) . Towns are typically located on gent l e  s l opes o f  
short grass interspersed with patches o f  forbs ( Koford , 
1 9 58 ) . Prairie dogs enhance forb growth by disturbing the 
soil at and near mound s ites and by removing tal l  p lants 
which hinder vis ion and movement , also creating favorable 
conditions for other prairie dog forage species including 
bluegrama and buffalograss ( Summers and Linder , 19 7 8 ; 
Uresk , 1 9 8 4 ) . Homeranges o f  pra irie dogs are variable 
and depend on . food resources , topography and c l imate within 
an area ( Crocker-Bedford and �pil lett , 197 7 ) . 
Numerous attempts have been documented o f  pra irie 
dog eradication with poisoning techniques ( Tayl or and 
Loftfield , 19 2 4 ; Koford , 19 5 8 ; Clark 1 9 7 9 , and others ) . 
Prairie dogs pre fer overgraz ed ,  depleted l ivestock ranges 
but are more an e ffect of such conditions than a cause 
( Koford , 1 9 5 8 ) .  Pra ir�e dogs readily abandon and re in­
habit previously-used dog towns with environmental and 
population changes ( Osborn , 1 9 4 2 ; Osborn and Al l en , 1 9 4 9 ; 
R .  Klukas , Wind Cave Biologist , persona l communication , 
19 8 4 ) , adding subsoil to existing mounds from further 
tunnel �xcavation ( Longhurst ,  19 4 4 ) . 
Prairie dogs construct mounds with a frequency 
dependent on ease of subsoil excavation , degree o f  
territory ava ilable for colony expans ion , population 
433685 
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trends in · a colony , and ava ilabil ity of food pl ant species 
in the coloni z ed area . White and Carlson ( i9 8 4 ) surveyed 
l iterature on prairie dog pedoturbation and found from 
2 5  to 1 2 5 mounds constructed per hectare by pra irie dogs 
witnin establ ished towns , with 62 mounds represent ing an 
average number . Mounds created in optimum_habitat are 
used annua l ly by pra irie dogs in the absence of predatory 
and environmental disturbance ( Koford , 1 9 5 8 ) . over t ime , 
addition o f  fecal , carcass , and plant res idue materials 
chemical ly enrich mounded soil , particularly for phosphorus 
because of its immobil ity in soil . Prairie dogs l imit daily 
activity to areas o f  grass and forbs which can be seen 
through or over; O ften l ittle bluestem and other tal l  
perennial grasses mark edges of dog towns , serving a s  an 
e ffective barrier to colony expans ion if stands are thick 
and tal l  enough ( Ko ford , 1 9 5 8 ) . Shorter grasses and crops 
including western wheatgrass , bluegrama , annual grasses , 
bromegrasses ( Bromus �), and cereal crops are less 
effect ive barriers , can be cut down rapidly , and are used as 
food by prairie dogs ( King , 19 5 5 ) . Natural barriers may 
l imit colony expans ion , creating a s ituation where prairie 
dogs alter development of mound-area soils with t ime . 
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DESCRIPTION O F  THE STUDY AREAS 
Five separate areas o f  prairie dog mounds were 
selected for study in the park ( Figure A ) . A continuum of 
degrees o f  mound construction , sel ected to represent 
differences in mound age , was ·included in samp l ed mounds . 
Area 1 included mounds 1 and 2 and was l ocated at 
the north border of the park in a creek val l ey , with prairie 
enclosed by ponderosa p ine on adj acent slopes ( see Results 
and Discus s i o� for taxonomic and l egal descriptions o f  
a l l  mounds ) .  Soils  were Bul l flat-Cordeston s i lt l oams : 
deep , wel l -dra ined soils derived from eroded s i lty a l luvial­
col luvial sediments o f  arkosic sandstone and l imestone · 
on 2 to 9 percent s l opes . The area had 4 3  em average 
annual precipitat ion and was at 1 , 3 3 0  meters e l evat ion . 
Mounds 3 through 5 were sampled from area 2 ,  
located on a nearly level terrace of an intermittent stream 
( Flynn creek) that flowed in a section of  the Red Val l ey 
at the edge o f  the H i l l s . Vegetation was pra irie , with a 
hogback ridge covered by ponderosa pine 1 ki l ometer to the 
east and scattered plains cottonwood ( Populus delto ides 
var . occidenta l i s ) and bal sam poplar ( Populus 
bal sami fera ) on the terrace-stream boundary . Annual 
prec ipitati on averaged 38 em . The deep , wel l -drained 
terrace soil  was Til ford silt loam ,  formed in a l luvium of 
reddi sh s iltstone and shale on 0 to 5 percent s l opes . The 
Figure A. Location of Mound Sites in Wind Cave 
Na tiona! Pa.rk. 
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soil had 2 5  to 5 0  em of fluvial sediments overlying a 
boulder l ayer , with cobbles occupying interst ices between . 
boulders . The area was underl ain by reddish Spearfish shale 
at depths of 1 to 2 meters . A tepee ring was found about 
5 0 0  meters south o f  mound 3 and north of a gul ly created by 
the stream which depos ited the terrace sediment . However , 
no evidence was discovered that area 2 mounds were···con­
structed by human activity . 
Area 3 was a large , active upland colony known as 
Bison Flats dog town . Mounds 6 through 1 2  chos en for 
analysis came from three z ones of coloniz ation within the 
town as determined by park personnel descriptions o f  
colony expansion . Mounds 6 and 7 were located at the town 
center . These mounds were representative o f  the oldest 
mounds at the Bison Flats site . The colony expanded into 
non-colon i z ed areas away from the town center a fter popu­
lation increase and overgraz ing of forage by pra irie dogs 
in the town center made colony expans ion necessary . Sparse 
vegetative cover between mounds cons isted ma inly o f  s i lvery 
wormwood and red threeawn (Aristida longiseta) with 
isolated thin stands of western wheatgrass . T i l ford s ilt 
loam ( 0  to 3 percent slopes ) was the dominant soil  series 
within the inner coloni zation zone . 
Mounds 8 and 9 were constructed southwest .o f  the 
• central colony at a depress ional area of an old streambed 
-. 
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Both mounds were inhabited a t  the time o f  samp l ing . 
Recent subsoil excavation , undecomposed scats , and a 
noticeab l e  absence o f  vegetation around mounds indicated 
directional and areal extent of colony expans ion from the 
town center . Prairie dog coloniz ation o f  the streambed and 
surrounding landscape represented post- 1 9 7 6  colony expans ion 
from the town center . Mound 8 soils were Hilger cobbly 
loam :  deep , wel l-drained soils formed in. a l luvium on 0 to 
4 0 percent s l opes . Mound 9 ( 1 0 0  meters NNW o f  mound 8 ) . was 
Winetti cobbly l oam , a deep , very wel l -dra ined s o i l  formed 
in alluvium from sedimentary rock on 2 to 1 0  percent slopes . 
Mounds 1 0 , 1 1 , and 12 were part o f  the most recent 
colony expansion in Bison Flats ( post-19 8 2 ) . Mounds in 
this z one were sma l l  in diameter , nearly c ircul ar , and 
composed o f  shal lowly-excavated subsoil and topso i l . 
Mound 1 0  was l ocated 6 0 0  meters WSW of mounds 8 and 9 and 
5 0  meters east o f  u. s. highway 3 8 5  at the crest o f  a 
sma l l  ridge . S o i l  was Hilger cobbly loam , with 
excavated burrow material more reddish in color ( 2 . 5YR)  
than original srirface soi l . Mounds 1 1  and 1 2  were found on 
the footslope position of a ridge where terminated by the 
intersection o f  two drainage channel s  about 5 0 0  meters east 
of mound 1 0 . The mounds were constructed 2 5  meters apart . · 
Noticeable color di f ferences between mounds indicated the 
nature of tilted beds of soil parent materials typ ical of 
the Black Hil l s . Soils there were part o f  the Hilger-
variant complex on 1 0  to 4 0  percent s lopes . A maj ority 
of  mounds observed nearby were in use , although mounds 
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were general ly l ocated on level to gently-slop ing surfaces 
and not on steep slopes . Sparse vegetation across the area 
was cropped close to the soil surface . 
The fourth area chosen for study was part o f  an old , 
abandoned dog town on a high terrace between areas 1 and 2 .  
Mounds 1 3  and 1 4  were constructed in Bul l fl at s il t  loam on 
level 
sites 1 0 0  meters apart . Both mounds were large and 
overgrown by Kentucky bluegrass ( Poa pratens i s )  . 
Scattered stands of  l ittl e  bluestem were present on mounds , 
whi l e  western wheatgrass grew at the edges o f  and adj acent 
to each mound . Non-mound areas were predominantly western 
wheatgrass but also were composed of green needlegrass and 
needle and thread . Few distinct mounds were ident i fied in 
the area . Large , nearly circular mounds were predominant . 
Two mounds were al so sampled from a f i fth area of 
the park , l ocated west of  the Rankin Ridge lookout and 4 0 0 
meters west o f  state highway 8 7  near the northwest park 
border . Mounds 1 5  and 16 were part o f  post- 19 8 0  colony 
expans ion and were constructed 6 0  meters apart on a strip 
of  gently-sloping Hilger .cobbly loam bordered by a dense 
stand o f  l ittl e bluestem to the south and a rocky ridge 
covered by ponderosa p ine to the north . Close proximity of 
l ittle bluestem to mound s ites and small mound s i z es across 
2 0  
the area conf i rmed recent mound construction there . 
2 1  
METHODS AND MATERIALS 
Sampl ing and Laboratory Procedures (19 8 4) 
Mounds 1 and 2 from area 1 were trenched with tile 
spades and representative soil  samples were col lected from 
morphological ly-distinct layers . A transect string was 
stretched across each mound 1 meter above the mound edges 
para l l el to the trench as a reference point to ident i fy 
pos itions o f  soil layers within the mound area . Vertical 
spade sl ices were placed horizontal ly s ide-by-s ide on 
polyethylene construction film to determine the l ayer 
sequence of soils as they existed in the mounded soil . 
From these measurements , cross-sectional diagrams o f  mound 
and adj acent non-mound soil profiles were drawn on graph 
paper . 
Mound 3 in area 2 was sampled from holes dug with 
a spade and auger at 2 meter interval s  al ong the mound 
transect . Trenching was not practical because o f  the s i z e  
of the mound . Adj acent non-mixed soils were samp l ed with 
spade and auger 2 meters beyond both ends o f  a l l  mound 
transects to represent soil devel opment in the absence of  
prairie dog pedoturbation . These soil s  were used to 
evaluate soil  changes in mounds . Samples were p laced on 
polyethylene f i lm and layers were identi fied . S o i l  
structure and carbonate presence with hydrochloric acid 
were determined and recorded in the 'field . One samp l e  
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was col l ected from the original soil surface below the 
edge of the mounded soil and submitted to Teledyne I sotopes 
for C14 -dating a fter removal of  roots and other organic 
debris. 
Samples of each soil layer were collected for 
_chemical analys is and Munsel l soil color determination 
( Soil Survey Sta f f , 19 7 5 ) . Dry and moist soil colors were 
read under uni form l ight intensity in the laboratory . 
Soil samples for laboratory analys is were crushed , 
screened ( >2 m i l l imeters ) , and oven-dried to constant 
weight before trans fer to sample bags . Soil pH ( saturated 
paste ) and electrical conductivity were measured ( So i l  . 
Conservation S ervice , 1 9 7 2 ) us ing an Orion microprocessor 
ionalyzer and a Hach conductivity meter , respectively . 
Walkl ey-Black chromic acid and macro-Kj eldahl procedures 
were used , respectively , for organic matter and total 
nitrogen analyses . 
Sampl ing and Laboratory Procedures (19 8 5) 
Mounds 4 _through 1 6  were sampled systematically 
from the 0 to 1 0  em surface l ayer ( Figure 1 ) . Mounds 1 
through 3 studied in 1 9 8 4  were resampled in 19 8 5  because 
· sampl ing procedure di ffered . Mounds were divided into 
z ones o f  concentric circles which originated from the mound 
center and extended outward ( radii of 0 . 5 ,  1 ,  2 ,  3 
meters . . .  ) until the entire mound surface was-encompassed 
Figure 1. Subsample locations within mound sampling 
rings. 
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by sampl ing rings. Soil subsamples were col lected midway 
between rad i i  ( 0. 2 5 ,  0. 7 5 , 1. 5 ,  2. 5 meters . • .  ) . · Numbers 
_ of  subsamp l es col lected within each ring increased with 
distance from the mound center to correspond with the 
increase in mound area ( 2 , 3 ,  4 ,  5 subsamples . . .  ) .  Arc 
degrees between subsamples were 1 8 0 , 12 0 ,  9 0 , 7 2·degrees . . .  
for uni form spacing. Subsamples within each ring were 
mixed together to obtain a representative composite sample . 
A dupl icate set of  subsamples was composited from each ring 
at points midway between locations sampled for the first 
compos ite . The number of  subs�mples required was estimated 
by the variance found from previous determinat ions and 
methods outl ined by steel and Torrie ( 19 8 0 ) . Two sets of 
samples were taken 3 meters beyond each mound edge at 4 5  
degree angles t o  each other ( 0 ,  9 0 , 1 8 0 , 2 7 0 ; 4 5 , 1 3 5 , 2 2 5 , 
3 15 degrees )  to represent undisturbed soi l s . Arc pos itions 
for sample collection points were located to scale and 
marked on the polar coordinate paper� A string attached to 
a pin in the origin o f  the coordinate paper was rotated to 
the proper arc pos it ion and each subsample was col lected at 
the proper distance from the mound center . 
The boundaries beneath mounds where the original 
soil was sti l l  present and where soil mixing had occurred 
were located with a 1 . 9  em-diameter soil auger . Total 
mound surface area and area of the mound where the original 
soil had been mixed by pra irie dogs were pl otted on polar 
coordinate graph paper and each area was measured with a 
planimeter. 
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Col lected samples were placed i n  paper bags for 
drying. After air-drying , soil was crushed , screened ( >2 
mil l imeters ) and stored in plastic bags unt i l  analyz ed for 
total phosphorus and for color. Carbonate e ffervescence 
with hydrochl oric acid was determined in conj unction with 
color analys i s. Soil pH ( 1 : 1 with deion i z ed water ) was 
a l so measured ( McLean , 1 9 8 2 ) .  Soil samples were hand­
textured to identi fy texture di fferences between sampl ing 
rings. Previous studies ( Mausbach et al. , 19 8 0 )  have shown 
a prec ision o f  about 3 to 5 percent in field texturing for 
clay content. The higher standard deviations for al luvial 
and res idual soil s  re flect greater variations within 
parent materials rather than greater field texturing 
variab i l ity. A surface soil sample was also taken 
from the mound 1 surface for C14 -dating so a chronological 
comparison could be made with the 1 9 8 4  sample taken from 
the buried original soil surface. 
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Statistical Methods 
Standard analysis of variance using a two-way 
.des ign ( sampl ing radii as rows and dupl icate samp l es from 
each ring as columns ) was used with the l inear additive 
model as a bas is for an F-test of two or more mean values 
for average total phosphorus contents : 
a ) . within each mound sampled 
b ) . between selected mounds 
The l inear additive model : 
Xij = � + Ti + Bj + E ij 
explained the variat ion between two populations ( average 
phosphorus values within sampl ing rings of mounds and 
between d i fferent mounds in this cas e )  as being composed 
of  a mean ( u ) , a component for the di fferent samp l ing rings 
within and between each mound ( Ti ) , a component for 
sampl ing error during col lection of  dupl icate soil samples 
within each samp l ing ring ( Bj ) , and a random element of 
variation· ( Eij ) .  In  terms of  the analys is o f  variance , the 
l inear additive model represented : 
Total ss = Mean SS + Row SS + Column S S  + Error ss 
where SS equal s  the sum of squares for each source o f  
variation. 
An HP- 9 7  programmable calculator was used to input 
data. Calculated output included means of al l rows and 
columns , complete analys is of variance including F-tests , 
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components.o f  variance , and the coe fficient of variation . 
Mean total phosphorus values for sampl ing rings and for 
. mounds were compared to control means and s igni ficance at 
9 0  and 9 5  percent con fidence l evels was determ ined by an 
F-ratio test ( Steel and Terrie , 19 6 0 ; 19 8 0 ) . A set of  
orthogonal comparisons was used to test for s ign i f icance 
between average inner mound and non-mound total phosphorus 
contents across selected mounds . 
S o i l  pH samples were subj ect to a two-way analys is 
of variance with subsampl ing , comparing selected mounds 
from the s ame study area . Two-way analysis o f  variance 
was also used ·in test ing for s ignificance between mound 
and undisturbed soils at the same mound s ite . Procedures , 
tests , and confidence l evels establ ished were s imilar to 
those used for mean total phosphorus except that the inner 
two samp l ing rings were compared to the non-mound sampl ing 
ring to ma intain a uni form number of  subsamples for 
analysis of  mounds within the same study area . 
. Mound Area Relationships 
After cal culating total mound surface area and 
disturbed soil area beneath mounds , total mound surface 
.·area measurements obta ined by planimeter readings from 
mound diagrams were presented as a logar�thmic function 
·of disturbed soil area to establ ish the correlation 
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between external and internal mound dimens ions . Measure­
ment of total mound surface area assumed mounds were o f  
conical shape . Soil mixing boundaries located by auger 
underneath mounds best represented pedoturbat ion below the 
original soil surface . 
Age estimates of mounds 1 and 3 ,  based on C14  
analyses , were used along with calculated area o f  disturbed 
soil beneath studied mounds to develop a l inear scale o f  
relative mound ages . Mound age was plotted as  a function 
of  disturbed original surface area to obtain a graphic 
chronology of mound construction . 
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Phosphorus 
S o i l  samples were analyz ed for total phosphorus 
util i z ing a nitric-perchl oric acid digestion (Jackson , 
1 9 5 8 ) and Murphy-Ri l ey ascorbic acid procedure ( Watanabe 
and Ol sen , 19 7 5 ) . Hal f gram soil samples were digested 
with 10 mil l i l iters of 50 percent nitric acid in 1 2 5 mil l i ­
l iter Erlenmeyer flasks . After the dry res idue was mois­
tened with distilled water , 1 0  mil l i l iters o f  70  percent 
perchloric acid were added and samples were digested to 
release phosphorus from organic and inorganic compounds in 
the res idue. An aspirator was used to draw o f f  perchloric 
acid fumes during the digestion . After samples were 
nearly dry , distil led water was added to each flask and the 
contents were f i ltered through 11 em Whatman 5 0  f i l ter 
paper and col l ected in 1 0 0  mil l i l iter volumetric f lasks . 
Each Erlenmeyer flask was washed three times to extract 
a l l  phosphorus from the filtrate . After dilution to 1 0 0  
mil l i l iters and thorough shaking , a 5 mil l il iter a l iquot 
of each solut ion was transferred from the 1 0 0  mil l i l iter 
volumetric flask to a separate 50 mi l l i l iter volumetric 
flask . 
Twenty mil l il iters of distilled water and 2 drops / 
of P-nitrophenol indicator were added to each samp l e , with 
5N sodium hydroxide then added dropwise unt i l  the solution 
turned yel l ow .  An 8 mil l i l iter volume of the fol l owing 
reagent mixture was added to each sample with an automatic 
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pipette. The resultant solution was diluted to 5 0  mi l l i-
l iters and shaken : 
Reagents (s ingle batch--about 3 0  samples) 
1. 5N sul furic acid--7 0 mil l i l iters 
diluted to 5 0 0  mil l i l iters. 
2.  2 0  grams ammonium molybdate diluted 
to 5 0 0  mil l il iters. . 
3 .  0. 2 7 4 3  grams potass ium antimony tartrate 
in 1 0 0  mil l il iters dist i l l ed water . 
4 .  1. 3 2  grams ascorb ic acid in 7 5  mil l i­
li·ters distilled water . 
S amples were analyz ed calorimetrical ly with a 
Turner Model 3 3 0  spectrophotometer . A set of  phosphorus 
color standards-were prepared to represent 0 ,  4 0 0 , 8 0 0 , 
1 , 2 0 0 , 1 , 6 0 0 , and 2 , 0 0 0  mg Kg-1 phosphorus solut ions . The 
percent transmittance was pl otted against total phosphorus 
on semi-logarithmic paper for a standard curve . the per-
cent transmittance determined for solutions made from each 
soil sample was used to determine total phosphorus content 
from the standard curve . The phosphorus content in the 
original sample was calculated with : 
mg Kg- 1 P in soil=(ml in vol . fl ask X mg Kg- 1 from curve) 
grams of soil used 
X 10 0/ 5  ( a  dilution factor ) 
I f  a l l  steps of  the laboratory procedure were fol l owed as 
outl ined , the above equation could be s impl i fied to : 
mg Kg- 1  P in soil � mg Kg-1 P from curve X 2 , 0 0 0  
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RESULTS AND DISCUSSION 
Soil Changes Within Mounds (19 8 4) 
Soil propert ies were studied vertica l ly within 
each mound along a horizontal transect across the mound 
surface in 19 8 4 .  S o i l  di f ferences within mounds and 
between mounds and undisturbed adj acent soil are use ful in 
estimating the duration and magnitude of soil alteration 
( E idt , 19 8 4 ) . 
Data col lected for mounds 1 through 3 is presented 
in Tables 1 through 8 and Figures 2 through 1 3 . Conduct i­
vity and organic matter data were left in tabular form due 
to variabil ity o f  each property , although g Kg- 1  organic 
matter analyses tended to parallel g Kg- 1  nitrogen l evels . 
A .  Soil Color 
Soil colors of  mound and non-mound soils were 
markedly d i fferent with depth . Mound 1 and 2 so i l s  had 
lower values and chromas ( ie . , were darker and grayer )  
than the subsoil of  adj acent non-mound so ils ( Figures 2 and 
3 ) . The cross-sec.tional diagram of mound 1 i llustrates 
mound dimens ions but not slope direction , which is from 
right to left on a l l  mound 1 ,  2 ,  and 3 figures . Downslope 
movement of  excavated subsoil would require l ess energy , 
thus mound enl argement over time has probably proceeded 
downslope from soil E to soil B .  
Mo ist soil colors generally decrease in value and 
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F igure 2. Munse l l  c o l or (lOYR hue ) value an d ch roma for dry ( l e ft s i de ) 
and mo i st ( r ight si de ) · so i l  samp l es f rom p ro f i l es A t h rough F 
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Figure 3 . Munse l l  c o l o r  ( lOYR hue ) value and chroma for dry (l e f t  s i de ) 
a.nd mo ist (r i ght s i de ) so i l  samp l es f rom p ro f i l es G t hro ugh J 




chroma as  soil organic matter contents increase . Soil  
n itrogen contents tend to increase as soil  organic matter 
increases .  Subsoil depos ited in the original soil surface , 
pedoturbation , and settl ing of  soil layers above excavated 
tunnel s  and gal l eries ( tunnel s where plant res idues and ex­
creta are accumulated ) could homogeniz e  large color vari­
ations and eventual ly devel op intermediate color properties 
of the undisturbed adj acent soil s . Tunnel s  beneath mounds 
are often below the normal depth of wetting and dry ing in 
southwestern South Dakota ( Sheets et al . ,  1 9 7 1 ; Westin and 
Malo , 197 8 )  so that they tend to remain open . Mound 1 ,  in 
particular , conta ins remnants of  forest vegetation soil 
colors ( 1 0YR 4/ 1 ,  5/ 1 dry ) which have settled downward 
compared to undisturbed soi l s . Black Hil l s  soi l s  developed 
under forest vegetat ion have lower phosphorus contents 
(White et al . ,  1 9 7 4 b )  and l ighter ( more grayish ) chromas 
relative to prairie-derived soils ( White et al . ,  1 9 69 ) . 
Soil colors of layers in mounds tended to be more s imilar 
than in adj acent non-mound soils because pedoturbation 
counteracted soil hori zon formation . 
Mound 3 soil colors exhibited wide variab i l ity 
( Figure 4 ) . Hues ranged from 2 . 5YR to 7 . 5YR , with reddish 
( 2 . 5YR)  hues located in the mound above a subs idence in the 
boulder layer at soils N to P .  Stream-depos ited boulders 
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F i gure 4 .  l1uns e l l co l ors ( A= 7 . 5YR , B= 5YR , C= 2 . 5YR hues ) v a l ue 
and chroma for dry and mo i s t  so i l  p ro f i l e  s amp l es K 
t h rough R from moun d· 3 .  w 
CJl 
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s ilty clay and the overlying al luvial-derived T i l ford soil . 
Variabl e  chemical and physical properties of  a l luvium and 
residuum have been documented · (Mausbach et al . ,  1 9 8 0 ) , 
which in combination with different degrees o f  s o i l  mixing 
woul d  produce a range of soil colors and properties in 
mound constructed from these parent material s .  Pra irie 
dogs apparently were able to tunnel th�ough a crevice in 
the boulder l ayer a long an upward network of tunnels above 
the boulder l ayer subs idence . This subs idence was caused by 
settl ing of boulders downward into underlying tunne l s . 
Mound 3 surface hues were 5YR in comparison to 
the 7 . 5YR hues of adj acent non-mound surface l ayers . 
Mound values and chromas were higher and hues more reddish 
than non-mound soils . Both color differences could be 
caused by pedoturbation associated with tunnel ing and exca­
vation . For mound 3 construction , there was extens ive sub­
soil movement upward onto the original soil surface . Dif­
ferences in the amount of  mixing of  material s with 2 . 5YR 
and 7 . 5YR hues could form intermediate 5YR hues within the 
mound . Except at the ends of the mound transect ( so i l s  K 
and R) , the original soil surface layer was not ident i f i ­
able and presumably was mixed with other mound so i l  mate­
rial s . Pedoturbat ion homogeni z es soil colors in older 
. mounds to more closely resemble mound subsoil hues s ince a 
greater volume o f  subsoil would be used over time as a 
mound is enl arged . Younger mounds would have a soil  color 
more characteristic o f  the original so il surface due to 
pra irie dog scraping of  the ground surface in mound 
construction ( Koford , 1 9 5 8 ) and lack of deep subso i l  
tunnel ing present i n  younger , smal ler-s i z ed mounds. 
B .  Nitrogen 
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Soil nitrogen content di fferences a r e  part i al ly 
caused by pedoturbation within mound soils ( Figures 5 ,  6 ,  
and 7 ) . Mounds 1 and 2 had decreas ing nitrogen contents 
with depth in the mound soil and an increase in the surface 
l ayer of the buried soil . Prairie dog fecal material s ,  
carcasses , and· plant material s depos ited in gal leries 
( Sheets et a l . ,  19 7 1 )  and at the mound surface are mixed 
with excavated soil in different degrees , causing d i ffer­
ences in nitrogen contents in mound soil layers . 
Adj acent non-mound soils (A  and F ,  G and J )  had 
decreas ing nitrogen contents with depth and upper solum 
melanization ( darkening )  characteristic of s o i l s  derived 
from prairie vegetation ( Smith et al . ,  19 5 0 ) . Nitrogen 
contents are more uni form with depth in mound pro f i l es than 
in adj acent undisturbed soil s . Addition and decompos ition 
of prairie dog excreta and pedoturbation of mound material s 












































Fi gure 5 .  N i t rogen co nt ent o f  so i l  s amp l es f rom mound 1 ( 1 0 X %N = 
g/ Kg N ) . Let t er s  A t h rough F represent so i l  p ro f i l e s  across 
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F i gure 6 .  Ni t ro gen co nt ent o f  so i l  s amp l e s  f rom mound 2 ( 1 0 X %N 
g/ Kg N ) .  Let t e rs G t h rough J represent so i l  p ro f i l es 
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F i gure 7 .  Nit ro gen cont ent s o f  so i l  pro f i l es K t hrough R f rom mou n d  3 ( 1 0 X 7� = 
g/ Kg N ) . 
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4 1  
movement o f  excreta and the location o f  a burrow entrance 
near soil D might explain high nitrogen l eve l s  found in 
soil A .  
Nitrogen l evels decreased with depth in both . mound 
and undisturbed soils at mound 3 .  The more abrupt decrease 
in nitrogen contents with depth in soil s  N ,  o ,  and P may be 
because Spearfish shale has been added to the mound soil 
above the boulder l ayer . Pedoturbation has mixed the ori­
ginal soil surface beneath mound 3 so that nitrogen con­
tents there are s imilar to overlying and underlying soil 
l ayers . 
C .  Soil pH 
Mound so il pH values increased irregul arly with 
depth and were higher relative to upper layers of non­
mound soils at a l l  three studied mounds ( Figures a ,  9 ,  and 
1 0 ) . Pra irie dog tunnel ing activity may extend downward 
to cons iderable depth ( Ko ford , 1 9 5 8 ; Sheets et al . ,  1 9 7 1 ) . 
Calcareous subsoil is moved upward and depos ited on the 
original soil surface and on the mound . Leaching of cal ­
cium carbonate ( CaC03 ) from this mound material caused 
recalci fication of  the buried soil . Low pH readings at 
mound 1 surface soils D and E are l ikely caused by downhill 
movement o f  excavated subsoil from this upslope portion of 
the mound . Soil s D and E are probably older and have had 
deeper l eaching of CaC03 . 
�r-�r-----�----�--��------�----�----�----�--�--�----� 
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M E TERS 
Fi gure 1 0 .  So i l  pH values o f  pro f i l es K t hrough R i n  mound 3 ( s at urat ed past e ) .  
� 
� 
4 5  
S econdary carbonates coated the surfaces o f  pris­
matic soi l  structural peds in the buried original surface . 
Calcium carbonate-saturated water draining through calcar­
eous mound soil moves between prism faces in the buried 
soil and flows hori z ontal ly into the prisms . The wetting 
of so il mineral s removes water from the soil solut ion so 
that soil peds become supersaturated with CaC0 3 . 
Dissolved CaC03 is then depos ited on the surface o f  and 
within structural peds as precipitated secondary carbonates . 
Secondary carbonates can accumulate rapidly on ped 
faces of  buried archaeological soils less than 1 , 0 0 0  years 
old ( Kel ler et al . ,  1 9 8 4 ) . At least 2 0 0  years would be 
required to coat ped faces in South Dakota ( E . M .  White , 
personal communication ) ,  dependent on percent CaC0 3 equi­
valent in mound soil , soil  texture , precipitation , soil pH , 
�nd depth and frequency of soil wet-dry cycles . 
D .  Total Phosphorus 
Soil total phosphorus contents are an indicator of 
mound age and pedoturbation . Differences in phosphorus 
distribution were apparent in mounds 1 and 2 ( Figures 11 and 
12 ) . Phosphorus l evel s within and adj acent to mound 2 were 
general ly higher than mound 1 .  Lower phosphorus contents 
in mound 1 may represent remnants of soil devel oped in a 
previously-forested environment (White et al . ,  1 9 7 4 b )  at 
the site . Pedoturbat ion and enrichment of soi l  by excreta 
F 
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F i gure 1 2 .  Tot a l  phosphorus co n t en t s  o f  so i l  p ro f i l es G t hrough J i n  mou n d  2 .  
( ppm P = mg Kg- 1 P )  
.Po. 
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4 8  
may have masked characteristics o f  forested soil  conditions . 
at mound 2 .  Close proximity o f  mounds 1 and 2 ( about 1 0 0  
· . meters apart ) supports the idea that more intens ive pedo­
turbat ion has occurred at mound 2 ,  opposed to non-forested 
conditions having always existed there . 
Soils  B ,  c ,  D ,  and E probably form a sequence from 
youngest to oldest across mound 1 .  Heterogeneity between 
layers and pro f iles is caused by subsoil pedoturbation with 
surface soil and subsidence o f  layers as support ing soil 
is tunneled ,  in addition to influence o f  past vegetation . 
The larger volume of mixing in mound 2 ,  compared to 
mound 1 ,  suggests a longer - period of forest absence and o f  
prairie dog colonization a t  mound 2 .  Soil total phosphorus 
contents on the non-mound soil surface probably were in­
creased by nutrient cycl ing and phosphorus depos ition by 
prairie pl ants . High surface phosphorus contents are also 
due to excreta addition on and near the mound . Total 
phosphorus analyses conducted on prairie dog fecal pel lets 
showed an average total phosphorus content of 1 , 9 2 4  mg Kg-1 , 
ranging from 1 , 7 2 4  to 2 , 3 8 4  mg Kg- 1 P .  The h igh surface· 
phosphorus content at soil G o f  mound 2 may be due to down­
slope movement o f  fecal pel l ets from the mound surface . 
Combined e ffects of mixing of . Spearf i sh subsoil 
with overlying T i l ford silt loam and addition o f  fecal , 
carcass , bone , and plant res i�u�s resulted in higher total 
phosphorus level s  in soil 0 and across the mound 3 surface 
4 9  
relative t o  non-mound soils there . Phosphorus cycl ing by 
vegetation may have influenced non-mound surface s o i l s  K 
and R ( Figure 13 ) . Total phosphorus was greater in the 
surface l ayer of the non-mound soil than in the subsurface 
soil immediately below the surface , but total phosphorus 
then increased with depth . 
S o i l s  M through o l ikely represent the mound 
center . Excavated subsoil deposited in tunnel s  and fecal 
material in gal l eries and at the mound surface could 
greatly a ffect phosphorus contents of these soil pro f iles . 
Increased pra irie dog activity on and beneath the central 
mound area would increase phosphorus deposit ion there . . In 
support of this idea , soil 0 has a much higher conductivity 
in subsurface soil layers than at any other location in 
mound 3. High conductivity there may be due to ions in 
pra irie dog excreta . 
Total phosphorus content o f  a soil varies l ittle 
with soil maturity ( Bohn , 19 7 9 ) • D i fferences in phos­
phorus contents within and between mound and non-mound 
soils refl ect cumulative effects of pedoturbation , soil 
enrichment , nutrient cyc l ing ,  and parent material variabi­
l ity above and below the boulder layer . Faunalpedoturba­
tion resulted in phosphorus accumulation within d isturbed 
soils in a number o f  studies ( Baxter and Hol e , 1 9 6 7 ; S alem 
and Ho le , 1 9 6 8 ; Laycock and Richardson , 19 7 5 ;
. 
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Fi. gure 13 . Tot a l  phosphorus co nt en t s  o f  so i l  pro f i les K t hrough R i n  mou n d  3 .  
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0 
Stone , 1 9 8 3 ; Cowan et al . ,  19 8 5 , and others ) . 
Mound phosphorus contents might initially increase 
or decrease at the s ite o f  a newly-constructed pra irie dog 
mound , depending on the degree of plant removal ,  quant ity 
of subso il material used in mound construct ion relative to 
surface soil , and the subsoil phosphorus content . 
Phosphorus would l ikely accumulate over time as  greater 
volumes of subsoil are disturb�d and prairie dog fecal , 
bone , and plant res idues are incorporated with mound soil . 
This description may represent what has taken p l ace at the 
mound 3 s ite . 
5 1  
Table 1 
Summar� o f  Labo rator� Anallses for Mound 1--ENE Trench { 1 984 } 
Dep t h  N1 
Pro f i le ( em ) ( g/_Kg) 
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1-A 0- 16 




90- 1 1 7  
1 . 09 
0 . 68 
0 . 69 
1 . 07 
1 . 14 
0 . 92 
0 . 90 
1 . 40 
0 . 84 
1 . 04 
1 . 2 2 
1 . 2 9 
1 . 12 
1 . 01 
3 . 02 
1 . 36 
0 . 74 
0 . 74 
0 . 72 
0 . 44 
1 gf Kg N = 1 0  X %N . 
EC OM2 
� ( dS/m} ( gLKg } 
7 . 56 0 . 405  9 .. 7 
7 . 71 0 . 520 6 .  7 "  
7 . 79 0 . 800 4 . 8  
7 . 8 3 0 . 42 5  10 . 8  
7 . 91 0 . 280  1 0 . 4  
7 . 94 0 . 2 70  7 . 1 
7 . 91 0 . 405 6 . 2  
7 . 59 0 . 610 1 5 . 3 
7 . 56 0 . 600 7 . 6 
7 . 54 0 . 775 9 . 8 
7 . 8 9 0 . 4 3 5  1 2 . 7  
7 . 93 0 . 485  1 1 . 2  
7 . 83 0 . 4 1 5  9 . 3  
7 . 74 0 . 790 7 . 3 
5 . 96 0 . 375  1 6 . 2  
6 . 33 0 . 630 1 2 . 2  
6 . 59 0 . 410  5 . 5 
6 . 84 0 . 400 6 . 3 
6 . 7 7 0 . 650 5 . 1  
8 . 02 0 . 470 2 . 5 
2 g/ Kg OM = 10 X %OM . 
4 ( N-M ) = Non-Mound so i l . 
Total  P3 Co lo r 
( mg Kg:- 1 � Dry . Mo i st 
6 1 0  1 0YR 5/ 2 1 0YR 3 / 2  
630 1 0YR 5 / 2  1 0YR 3 / 2  
620 lOYR 6 / 2  1 0YR 4 / 2  
3 90 1 0YR 4 / 1 1 0YR 3 / 2  
540 1 0YR 4 / 1  1 0YR 3 / 2  
480 1 0YR 5/ 2 lOYR 3 / 2  
500 1 0YR 5/ 3 1 0YR 3 / 3 
610  1 0YR 5 / 2  1 0YR 4 / 1 
700 lOYR 6 / 2  10YR 4 / 2  
I • 760 1 0YR 5/ 2 10YR 3 / 2 
420 1 0YR 5/ 2 1 0YR 4 / 2  
460 lOYR 4 / 1  1 0YR 3/ 1 
460 10YR 5/ 2 1 0YR 3 / 2  
470 10YR 5/ 3 lOYR 3 / 3 
610 1 0YR 4/ 1 1 0YR 2 / 2  
530 10YR 5/ 1 1 0YR 3 / 2  
420 lOYR 5/ 2 10YR 3 / 3  
480 .lOYR 5/ 2 1 0YR 3 / 3 
530 10YR 5/ 3 1 0YR 3 / 3 
580 1 0YR 5/ 3 10YR 3 / 3  
3 mg Kg- 1  = ppm . 
Ul 
� 




( N-M ) 
Tabl e  2 
Summar� o f  Laborator� Ana l�ses for Mound 1--WSW Trenc h  {1984 2 
Dept h  N1 EC OM Total  P Co lor 
( em ) ( g/Kg) __I?_!!_ ( dS/m ) (g/Kg) (mg Kg- ;t ) Dry Mo i s t  . 
0- 9 2 . 92 6 . 58 0 • .840 1 5 . 5 .620 1 0YR ·5/ 2 1 0YR 3/ 2 
9-22 1 . 01 6 . 98 0 . 795 9 . 1  680 1 0YR 5/ 2 10YR. 4 / 2 
22-32 0 . 91 7 . 3 5 0 . 620 9 . 2  560 1 0YR 5/ 2 10YR 3 / 2  
32- 50 0 . 83 7 . 84 0 . 560 ' 7 . 8 530 1 0YR 4/ 1 lOYR 3 / 2  
50- 64 1 . 01 7 . 73 0 . 7 50 9 . 8  540 1 0YR 5/ 1 1 0YR 3 / 1 
64-73 1 . 05 7 . 89 0 . 325  9 . 4  520 10YR 5/ 1 10YR 3 / 1 
73- 85 0 . 91 7 . 62 0 . 710  7 . 5 480 10YR 5/ 3 10YR 3 / 3  
0- 14 1 . 38 6 . 78 0 . 620 1 2 . 5  500 1 0YR 5/ 2 1 0YR 3 / 2  
14-26 0 . 86 7 . 63 0 . 850 7 . 0  630 lOYR 4 / 1  10YR 3 / 2 
26- 50 0 . 76 7 . 7 8 0 . 490 7 . 4  460 1 0YR 5/ 2 10YR 4 / 2 
50-65 0 . 87 7 . 97 0 . 3 80 7 . 4  580 1 0YR 5/ 2 1 0YR 3 / 2  
65- 76 0 . 94 7 . 90 0 . 500 7 . 5 480 10YR 5/ 3 lO�R 3./ 2  
76-85  0 . 94 7 . 94 0 . 730 7 . 0  5oo · 10YR 5/ 3 10YR 3 / 3  
0- 14 1 . 81 5 . 99 0 . 440 . 1 5 . 9 660 10YR 4 / 1 10YR 3 / 1  
14-41 1 . 29 6 . 38 0 . 375  10 . 8  670 10YR 5/ 1 10YR 3 / 2 
41- 57 0 . 94 7 . 84 0 . 420 7 . 1  540 1 0YR 6/ 2 1 0YR 4/ 2 
57-75 0 . 83 7 . 81 0 . 680 5 . 1 550 10YR 6/ 3 lOYR 4/ 2 
75-87 0 . 76 7 . 89 0 . 460 4 .. 9 540 lOYR 6/ 3 lOYR 4 / 2  
87- 1 1 7  0 . 56 7 . 90 0 . 680 2 o 1  720 10YR 6/ 3 l OYR 5/ 3. 
C1l 
w 
Pro f i l e  
2-H 
2- G 
( N-M )  
Table 3 
Summary of  Laboratory Analys es for Mound 2--ENE Trench ( 1 984 ) 
Depth N EC OM Tot al  P Co lor 
( em ) (g/Kg) � (dS/m ) (g/ Kg) (mg Kg- 1 ) Dry Moi s t  
0- 14 2 .- 00 6 . 95 1 • . 200 1 6 . 2  730 10YR 5/ 2. 10YR 4 / 2 
14- 22 1 . 50 7 . 14 1 . 2 50 1 1 . 5  7 1 0  10YR 5/ 2 1 0YR 3/ 2 
22-34 0 . 8 1 7 .  94· o .  610· 6 . 1  540 1 0YR 5/ 3 1 0YR 4 / �  
34- 56 1 . 36 7 . 82 0 . 460 10 . 0  620 10YR 5/ 2 lOYR 4/ 2 
56-68 1 . 52 7 . 65 0 . 4 55 1 2 . 8  560 l OYR 5 / 1  1 0YR 3 /2 
68-84 1 . 02 7 . 20 0 . 595 7 . 4  610 1 0YR 5/ 3 1 0YR 4 / 2  
84- 93 1 . 06 7 . 8 5 0 . 805 7 . 8  460 10YR 5/ 3 lOYR 4/ 2 
93+ 0 . 7 3 7 . 59 0 . 670 4 . 9  650 10YR 6/ 3 1 0YR 5/ 3 
I 
0- 5 6 . 62 5 . 34 0 . 600 22 . 6  
I 900 10YR 5/ 2 1 0YR 3 / 2  
5- 12 2 . 93 5 . 50 0 . 290 19 . 5  760 10YR 5/ 2 10YR 3 / 2  
1 2":"" 29 1 . 17 6 . 26 1 . 560 9 . 1  7 50 .�OYR 5/ 3 lOYR 3 / 2 
29�44 0 . 97 7 . 3 5 0 . 570 7 . 6  690 10YR 6/ 3 10YR 4 / 2  
44-75  0 . 66 7 . 64 0 . 560 5 . 3 620 10YR 6/ 3 10YR 4/ 3 
75+ 0 . 66 7 . 96. 0 . 580 5 . 2  700 10YR 7 / 2  1 0YR 5/ 3 
(.11 
� 
Pro f i l e  
2- I 
2-J 
( N-M ) 
Table 4 
Summary o f  Laboratory Ana lys es for Mound 2--WSW Trench ( 1 984 ) 
Depth N EC OM Tot al P Color 
{Q_J!!) ( g/Kg ) � (dS/m ) (g/Kg) ( mg Kg- 1 ) Dry Mo i s t  
0-14 1 . 69 6 . 98 0 . 960 16 . 8  740 1 0YR 5/ 2 lOYR 3 / 2  
14-29 1 . 03 7 . 61 0 . 730  7 . 2 650 l OYR 6/ 3 10YR 4/ 2 
29-40 1 . 08 7 . 78 0 . 530 8 . 4  680 lOYR 4 / 2  10YR 3 / 2  
40- 56 0 . 88 7 . 73 0 . 580 8 . 6 690 lOYR 5/.2 lOYR 3 / 2  
56-70 1 . 02 7 . 71 0 . 530 7 . 6 690 l OYR 4 / 3  10YR 3/ 3 
70�86 0 . 92 7 . 78 0 . 540 7 . 3  650 lOYR 5 / 2  lOYR 4/ 2 
86- 97 0 . 63 7 . 90 0 . 620 4 . 5  5€0 1 0YR 6/. 3 1 0YR 5/ 3 
97+ 0 . 91 7 . 87 0 . 580 6 . 5  690 10YR 6/ 3 1 0YR 5/ 3 
0- 6 4 •. 21 5 . 94 0 . 440 21 . 3  860 10YR 4 / 1 1 0YR 3 / 1  
6- 14 2 . 03 5 . 95 0 . 290 18 . 8  760 10YR 4 / 1  1 0YR 3 / 1 
14� 25 1 . 44 6 . 61 0 . 380 12 . 4  690 10YR 5/ 2 l OYR 4 /2 
25-42 0 . 95 7 . 03 0 . 510 6 . 7 270 10YR 5/ 3 l OYR 4 / 2  
42-58 0 . 8 5. 6 . 88 0 . 525 5 . 9 680 10YR 5/ 3 1 0YR 4 / 2 
58- 69 0 . 81 6 . 98 0 � 500 5 . 9  690 10YR 5/ 3 lOYR 4/ 2 
69- 91 0 . 3 5 7 . 1 2 0 . 550 2 . 4  460 10YR 6/ 3 10YR 5/ 3 
CJl 
CJl 
Pro f i le 
3-K 
( N-M ) 
3-L 
3-M 
Tabl e  5 
Summary of  Laboratory Analyses for M�und 3 ( 1 984 ) 
Depth  N EC OM Tot a l  P Co lor 
( em} ( g/Kg) _E!!_ ( dS/m ) {gLKg} ( rng Kg- 1 ) Dry Mo ist  
0- 8 2 . 72 6 . • 54 0 . 54 0  25 . 3  580 7 . 5YR 4 / 2  5YR 3 / 2  
8-14 1 . 67 6 . 89 0 . 52 0  13 . 5  1 '50 5YR 4 / 2  5YR 3 / 2  
14-30 1 . 41 . 7 . 23 0 . 800 1 0 . 0  650 5YR 4 / 3  5YR 4 / 2  
30-43 1 . 37 7 . 87 0 . 5 50 9 . 6 640 5YR 6/ 3 5YR 4 / 3  
43- 50 1 . 3 5 7 . 78 0 . 500 9 . 0 710 5YR 5/ 3 5YR 4 / 3  
-
0- 6 2 . 79 7 . 2 1 0 .  4 90 24 . 6  640 5YR 4 / 3  5YR 3 / 2  
6.-23 1 . 76 7 . 61 0 . 4 50 1 3 . 1  600 5YR 4 / 3  5YR 3 / 3 
23�3 5  1 . 61 7 . 67 .0 . 660 I 1 1 . 6  540 5YR 5/ 3 5YR 4 / 3  
35-49 1 . 22 7 . 90 0 . 480 9 . 3 540 5YR 6/ 2 5YR 5/ 3 
49- 58 0 • . 82 7 . 98 0 . 460 5 . 6 510' 5YR 6/ 3 5YR 5 / 3 
58-�6  0 . 90 7 . 90 0 . 530  5 . 6  500 7 . 5YR 6/ 4 7 . 5YR 5 / 4  
66- 73 0 . 75 7 . 99 0 . 4 75 4 . 7  480 7 . 5YR 7 / 2  7 . 5YR 5 / 4  
0-6 2 . 18 7 . 50 0 . 4 70 19 . 4  710 5YR 5/ 6 2 . 5YR 3 / 4  
6- 12 1 . 2 6 7 . 68 0 . 470 9 . 9 690 ' 5YR 5/ 6 2 . 5YR 3 / 4  
1 2-22 1 . 26 7 . 56 0 . 480 8 . 8 690 5YR 5/4  2 . 5YR 3 / 4  
22--46 0 . 97 7 . 8 5 0 . 3 7 5  6 . 1 660 5YR 5/ 4 5YR 4 / 4  
46- 57 0 . 96 7 . 92 0 . 440 6 . 2 620 5YR 5/ 3 5YR 4 / 3 
57- 69 0 . 87 7 . 97 0 . 470 5 . 7 660 5YR 6/ 3 5YR 5/ 3 
69- 82 0 . 67 8 . 03 0 . 480 4 . 8 580 5YR 6/ 3 7 . 5YR 5 / 4  
82- 95 0 . 63 7 . 99 0 . 500 1 . 0  640 5YR 6/ 3 5YR 5/ 4 
CJ1 
0) 
Prof i l e  
3-N 
3 -0 . 
Tab l e  6 
Summary o f  Labo ratory Anal�ses for Mound 3 { 1 984 } 
Dept h N EC Tot al P Co lor 
( em )  ( g/ Kg ) � ( dSLm } { gL Kg ) ( mg Kg- 1 ) Dry Mo ist  
0- 7 1 . 8 4 7 . 59 0 . 4 7 5  1 6 . 7 . 9 0 0  5YR 4/ 6 2 . 5YR 3/ 6 
7- 1 6 1 . 1 3 7 . 7 7 0 . 4 30  8 . 9 8 0 0  5YR 4 / 6  2 . 5YR 3/ 6 
1 6- 36 0 . 7 5 7 . 90 0 . 4 2 0  5 . 8  690 2 . 5YR 4 / 6  2 .. 5YR 3/ 6 
3 6 - 56 0 . 7 4 8 . 01 0 . 4 4 0  5 . 5 560 2 . 5Y R  4 / 6 2 . 5YR 3 / 6  
56- 7 8  0 . 5 1 8 . 05 0 ., 4 8 0  3 . 1 5 8 0  5Y R 4/ 6 2 . 5YR  4 / 4  
7 8 - 94 0 . 5 5 8 . 2 0 0 . 570  3 . 1  5 4 0  5YR 5/ 4 2 . 5YR 4 / 6  
9 4 -- 1 1 5  0 . 4 1  8 . 3 9 0 . 5 4 0  2 . 1  5 0 0  7 . 5YR 6/4  5YR 5 / 4 
0- 6 2 . 8 0 7 . 4 6 0 . 5 1 0  24 o 2 1 5 3 0  5YR 5/ 4 2 . 5YR 3 / 6 
6- 1 6  1 . 2 3 7 . 69 0 . 4 8 0  9 . 0  8 8 0  5 Y R  5 / 4 2 . 5Y R  3 / 6  
1 6- 3 8  1 • . 3 6  7 . 7 3  0 . 4 70 9 . 7  7 1 0  5YR 5/4  2 . 5YR 3 / 6 
3 8 - 6 1  1 . 08 7 . 90 0 , 3 8 0 6 . 5 7 3 0  2 . 5YR 5/ 4 2 ., 5YR 4 / 4  
61-82 0 . 63 7 . 93 0 . 5 1 0  3 . 9  710  2 . 5YR 5/4  2 . 5YR 3/ 6 
82 ..... 102 0 . 56 7 . 93 1 . 400 3 . 0  800 2 . 5YR 5/ 4 2 . 5YR 3 / 6  
1 02- 1 1 3  0 . 65 7 . 88 1 o 600  2 . 8  880  2 . 5YR 5/ 4 2 . 5YR 3/ 6 
1 1 3- 122 0 . 65 7 . 96 2 . 3 00 4 . 2  850 5YR 6/ 3 5YR 5/ 3 
1 22- 155 0 . 61 7 . 65 1 . 820  3 . 1  760 2 . 5YR 5 / 4  2 . 5YR 4 / 4  
CJl 
� 
Pro f i le 




( N-M ) 
Tabl e  7 
Summary o f  Laboratory Analyses for Mound 3 ( 1 984 ) 
Depth N EC OM Tota l  P Co lor 
( em )  ( g/Kg) � ( dS/m) (g/Kg) (mg. Kg- 1 ) Dry Mo i s t  
0-6 2 . 57 7 . 3 3 0 . 520 22 . 9  710  5YR 5 / 4  5YR 3 / 4 
6-23 1 . 84 7 . 70 0 . 430 12 . 4 . 580 5YR 5/ 4 5YR 3 / 4  
23-38  1 . 34 7 . 80 0 . 390 9 . 4  450  2 . 5YR 5/ 4 2 . 5YR 3/ 6 
38.- 55 0 . 61 7 . 88 o .  3 90 . 4 . 3 500 2 . 5YR 5 / 4  . 2 . 5YR 3 / 6 
55-79 0 . 59 7 . 96 0 . 430 3 . 5  480 2 . 5YR 5/ 4 2 . 5YR 3 / 6  
79- 95 0 . 39 8 . 03 0 . 480 2 . 1  580 5YR 6/ 4 5YR 4 / 4  
95- 117 • 0 . 34 8 . 13 0 . 500 1 . 9  4 60 7 . 5YR 6 / 4  7 • .  5YR 5 / 4  
0-8 2 . 36 7 . 40 0 . 440 . 1 9 . 8  600 5YR 4 / 4  5YR 3 / 4  
8-23 1 . 32 7 . 69 0 . 370 8 . 4 530 5YR 5/ 4 5YR 4 / 6  
23-32  0 . 82 7 . 78 0 . 440 5 . 6 500 5YR 5 / 4  5YR 4 / 6  
32-39 0 . 93 7 . 88 0 . 470 6 . 1  470 .7 .  5YR 5/4  5YR 4 / 4  
39-47 0 . 82 7 . 75 0 . 500 5 . 9 460 7 . 5YR 6/ 4 7 . 5YR 4 / 4  
0- 6 2 . 2 1 6 . 7 3 0 . 500 2 7 . 5  390 7 . 5YR 4 / 2  5YR 3 / 2  
6- 15  1 . 77 7 . 02 0 . 430 14 . 5  370 5YR 4 / 2  5YR 3 / 2  
5-27 1 . 38 . 7 . 17 0 . 490 9 . 9 400 5YR 4 / 3  5YR 3 / 3  







Tab le 8 
Ranges and Means of So i l  ProQert i es Measured for Mounds 1- 3 ( 1 984 } 
gjKg___N ...E!L dS/m _EC g/ Kg OM mg Kg- 1 P 
Range 0 . 44- 3 . 02 5 . 96-8 . 02 0 . 270- 0 . 8 50 2 . 1 - 1 6 . 2  390-760 
Mean 1 . 08 7 . 46 0 . 548 8 . 7  553 
Range 0 . 35-6 . 62 5 . 34-7 . 96 0 . 290- 1 . 560 2 . 4-22 . 6  270- 900 
Mean 1 . 44 7 . 14 0 . 637  9 . 9 657 
Range 0 . 34-2 . 80 6 . 54-8 . 3 9 0 . 3 70�2 . 300 1 . 0-2 7 . 5  1 50-1 530  
Mean 1 . 22 7 . 70 0 . 584 9 . 3 618 
(J1 
co 
SOIL CHANGES ACROSS MOUNDS ( 19 8 5) 
Taxonomic and l egal. descriptions o f  studied mounds 
were obtained from the Soil Conservation S ervice and are 
given in Tables 9 and 1 0 . Mound areas were moderately 
to excess ively wel l -dra ined soils formed in a l luvium­
col luv ium or res iduum and were not on steep s lopes except 
in newer and marginal areas of colony expans ion . 
A .  Soil Color 
60  
Dist inct color changes were observed across most 
mound surfaces ( Table 1 1 ) . Hues rema ined constant or be­
came darker · ( ie . , became or intergraded to a 1 0 YR hue ) from 
the mound center outward to the non-mound s o i l . Soil · 
values became darker and chromas more gray or b lackish 
with distance from the mound center . Dupl icates a and b 
taken from sampl ing rings usually haa s imil ar colors . 
Most color d i fferences between dupl icates were found in 
sampl ing rings near the mound center . Smal l er numbers o f  
subsamples col lected for inner ring compos ite samples and 
excavation and depos ition of di fferent-colored soil  l ayers 
around the central burrow would cause potential color 
variab il ity between dupl icates 
surface soil col or distribution from mound center 
to adj acent non-mound soil may reflect mound age and extent 
of  pedoturbation . Younger-aged mounds ( mounds 1 ,  8 ,  1 0 , 
1 1 , 1 5 , and 1 6 ) and older mounds abandoned for a long 
Table 9 
Class i f i cat ion o f  Soi l s  Samp l ed for  Pr.a i r i e  Dog Mound Analys i sl 
So i l  Series 
Bul l  f l at 
Cordest dn 
Hi lger 
Ti l ford 
W i net t i  
C l ass i f i c at i on 
Ty p i c  Argiboro l ls F i ne- lqamy , mixed 
Cumul i c  Hap loboro l ls Fi ne- loamy , mixed 
Typ i c  Arg i bo ro l ls Loamy-ske l et al ,  mixed 
Torr iort hent i c  Hap lust o l ls F i n e-s i lt y , mixed , mes i c  
Ty p i c  Ust ifluvent s Loamy�skeletal , mixed , 
( ca lcareous ) ,  f r i g i d  
1 From "Class i f i cat ion o f  South Dakot a So i ls 1986" . Sout h Dakot a St at e  
Un ivers ity Agr i cultural Exper iment St at ion Technical Bul let i n  Number 5 8 . 
Gary Lemme , Plant Science Department , · south Dakot a St at e  Un ivers i t y , and 
USDA-SCS So i l  Survey St af f . 
'--- �, ,.,_, 
en 
1-l 
Tab le  1 0  
Studied So i l s a n d  Mound Locat ions 
Mound So i l  Mapping Un it Legal Descript ion1 
1 Bul l f l at-Cordeston ( s i l t ) loams ; . 500 I N ,  650 ' W  o f  NE co rner , 
0- 10% s lopes . Sect ion 7 ,  T5S , R6E . 
2 Bu l l f l at -Cordeston ( s i lt ) loams , 300 ' N , 300 ' W  o f  NE corner , 
0- 1 0% s lopes . Sect ion 7 ,  T5S , R6E . 
32 Ti lford s i l t  loam , 0- 1 5% s lopes 1775 ' S , 2 50 ' W  o f  NE corner , 
Section 22 , T5S , R6E . 
42 Til ford s i lt loam ,  0- 15% s lopes 22 50 ' S ,  2 50 ' W  o f  NE corner 
Sect ion 22 , T5S , R6E . 
52 Ti l ford s i lt loam , 0- 15% s lopes 2550 ' S ,  250 ' W  of  NE corner , 
Sect ion 22 , T5S , R6E . 
6 T i l ford s i l t loam � 0- 1 5% s lopes 2550 ' S ,  1450 ' E  of NW corner , 
Sect ion 1 2 , T6S , R5E . 
7 Ti l ford s i l t loam , 0- 15% slopes 2 500 ' N , 1230 ' E  of  SW corner , 
Sect ion 12 , T6S , R5E . 
83 Hi lger cobbly loam , 0-40% s lopes 1 025 ' N , 630 ' W  o f  SE corner , 
Sect ion 1 1 , T6S , R5E . 
9 Winet t i  cobbly loam , 2-10% slopes 1 600 ' N , BOO ' W  o f  SE corner , 
Sect ion 1 1 , T6S , R5E .  
en 
� 
Table 10  ·( co nt i nued ) 
Mound So i l  Mapping Unit  Legal Descript ion 
103 Hi l ger 
·
cobbly loam ,  0-40% s lopes 7 50 ' S , 900 ' E  of NW corner , 
Sect i on 1 4 , T6S , R5E • . 
11 3 Hi lger cobbly loam , 0-40% s lopes 1 000 ' S ,  1650 ' W  of  NE corner , 
Sect ion · 14 , T6S , R5E . 
123 Hi l ger cobbly loam , 0-40% s lopes . 920 ' S ,  1 600 ' W  o f  NE corner , 
Sect ion 1 4 , T6S , R5E . 
13 Bul l f l at s i lt loam ,  0-3% s lopes 500 ' E ,  · 3 50 ' N  of SW corner , 
Sect ion 9 ,  T5S , R6E . 
14 Bu l l f lat s i l t  loam , 0-3% s lopes 3 50 ' N ,  2 50 ' W  of SE corner , 
Sect ion 8 ,  T5S , R6E .  
1 5  Hi lger cobb ly loam , 0-6% slopes 1 600 ' N ,  1 550 ' E  o f  SW corner , 
Sect ion 11 , T5S , R5E . 
16  Hi l ger cobbly loam , 0-6% s lopes 1700 ' N i 140ti ' E  of SW corner , 
Sect ion 1 1 , T5S , R5E . 
1 Mound s it e  descr ipt ions are approximat e ( Cust er Count y ,  SD . 5t h principle  
mer idian . )  
2 So i ls were ident i f ied as Val e  s i l t  loam i n  mapp i ng ,  but because o f  l im i t ed 
acreage were corre lat ed as Ti l ford o 
3 So i l  cou ld be an inc lus ion of  anot her so i l . Hi l ger soi l  most  l ikely on 
summit and shou lder landscape pos it ions o 
m 
w 
Tab l e  1 1  
Munse l l  So i l  Co lors from Mound . and Adj acent Sur f ace  So i l  { 0� 1 0  cm l 
Met ers 1 Mound 
Dist ance 1 2 3 
0 . 25a  A 4 / 3  3/ 3 A 5/ 3 3 / 3  C . 4 / 6  3 / 4  
0 . 2 5b A 4/ 3 3/ 3 A 5/ 3 3 / 3 c 4 / 6  3 / 4  
0 . 75a A 4 / 2 3/ 2 A 4/ 3 3/ 2 c 4 / 4  3 / 3 
0 . 7 5b A 4 / 2  3/ 2 A 4 / 3 3/ 2 c 4 / 6 3 / 4  
1 . 5a A 4/ 2 3 / 2  A 4/ 3 3 / 2  c 4 / 6-4 / 4  4/ 3 
1 . 5b A 4 / 2  3 / 2  A 4/ 3 3 / 2  c 4 / 4-4 / 6 4 / 3 
2 . 5a A 4/ 2 2 / 2  A 4 / 3  3 / 2 c 5/ 3 4 / 4  
2 . 5b A 4 / 2  2/ 2 A 4/ 3 3/ 2 I c 4 / 4  3 / 3 
3 . 5a - A 4/ 3 3/ 2 c 4 / 3  3 / 3  
3 . 5b - A 4/ 3 3 / 2  c 4 / 4  3 / 3 
4 . 5a - - c 4 / 4 3 / 4 ' 
4 . 5b - - c 4 / 4  3 / 4  
5 . 5a - - c 4 / 3  3 / 3  
5 . 5b - - c 4 / 3  3 / 3 
6 . 5a - - c 4 / 2  3 / 2 
6 . 5b - - c 4/ 2 3/ 2  
Coot a A 4 / 2  2 / 2  A 4 / 2 . 2 / 2  A 4 / 3  3 / 3 




D i s t ance  4 -
0 . 25a  B , C 5/4  c 4/ 3 
0 . 25b C , B  5/ 4 c 4 / 4  
0 . 7 5a -
0 . 7 5b -
1 . 5a c 4/4  3 / 4  
1 . 5b c 4/4  3/ 4 
2 . 5a -
2 . 5b -
3 . 5a c 5/ 3- 5/ 4 4 / 3  
3 . 5b c 5/ 3-5 / 4  4/ 3 
4 . 5a A 4 / 3  c 3 / 3  
4 . 5b A 4/ 3 c 3 / 3  
5 . 5a A " 4/ 3 B 3 / 2  
5 . 5b · A 4/ 3 B 3 / 2  
Cont a A 4 / 3  B 3 / 2  
Cont b A 4/ 3 B 3 / 2  
Tab l e  1 1  ( cont i nued ) 
Mound 
5 
B , C 5/ 4 C 4 / 3-D 4 / 4  
B , C  5 / 4  C 4 / 3-D 4/ 4 
B , C 5 / 4  C 4 / 3-D 4 / 4  
B , C 5/ 4 C 4 / 3-D 4 / 4  
A 4 / 3 3/ 3 
A 4 / 3 3 / 3 
A 4 / 2  3 / 2  
A 4 / 2  3 / 2  
-
-
A 3/ 3 3/ 2 
A 3/ 3 3 / 2  
6 
c 4 / 6  
c 4 / 6  
c 4 / 6  
c 4/ 6 
C , B 4 / 4  
C , B  4 / 4  
B 4 / 4-C . 4/ 6 
B 4/ 4 
A 4/ 3 
A 4 / 3  
A 4 / 2  
A 4 / 2  
4 / 4  
4 / 4  
4 /4 
4/ 4 
c 3 / 4 
c 3 / 4 
C 4 / 2-D 4 / 6  
c 4/ 2 
3 / 3 
3 / 3 
3 / 2  





0 . 25a B 5/4  c 4/4  
0 . 25b B 5/ 4 c 4 / 4  
0 . 7 5a B 4 / 4  c 3/ 4 
0 . 75b B 4/4  c 3/ 4 
1 . 5a B 4/4  c 3/4  
1 . 5b B 4 / 4  c 3/ 4 
· 2 .  5a B 4 / 2  3/ 2 
2 . 5b B 4 / 2  3/ 2 
3 . 5a A 4 / 3  3/ 3- 3/ 2 
3 . 5b A 4 / 3  3/ 3-3/ 2 
Cont a A 5 / 1  3/ 1 
Cont . b A 5/ 1 3/ 1 
Tab le 1 1  (cont i nued ) 
Mound 
8 9 
c 4/ 6 4/ 3 B 5/ 2-C 5/ 4 A 4 / 2-C 4 / 6 
c 4/ 6 4/ 3 B 5/ 2-C 5/ 4 A 4/ 2-C 4 / 6  
C - 4 / 6 4/ 3 A 5/ 3-C 5/ 4 . · A 4 / 2-C 4 / 6 
c 4/ 6 4/ 3 A 5/ 3-C 5/ 4 A 4 / 2'f'"C 4 / 6  
c 4 / 3  3/ 3 A 4 / 3 4 / 2 
c 4/ 3 3/ 3 A 4 / 3  4 / 2  
- A 4 / 3  4 / 2 
- A 4 / 3 4 / 2 
- A 4 / 2 3 / 2  
- A 4 / 2  3/2  
c 4/ 3 3 / 3  A 4 / 2 3 / 2 




Dis t ance 1 0  
0 . 25a  D 4 / 8  
0 . 25b D 4/ 8-C 4/ 3 
0 , 75a D 4 / 6-G 4/ 3 
0 . 7 5b D 4 / 6-C 4/ 3 
1 . 5a c 4/ 3 
1 . 5b c 4/ 3 
Coot a c 4/ 3 
Cont b c 4/ 3 
Table  1 1  ( co nt i nued ) 
Mound 
1 1  
D 4 / 6  A 4/ 2 3 / 2  
D 4/ 6-C 3 / 3  A 4 / 3  3/ 2 
D 3 / 6-C  3 / 3  A 3/ 3 3 / 2  
D 3/ 6-C 3 / 3  A 3 / 3  3/ 2 
3/ 3 -
3 / 3  -
3/ 3 A 4/ 2 3 / 2  
3/ 3 A 4 / 2  3/ 2 
1 2  
B 6/ 4-A 5 / 3 
B 6/ 4�A 5 / 3 
B 6 / 4-A 3 / 3  
B 6/ 4-A 3 /3 
A 4 / 3-B 6 / 4  
A 4 / 3 
A · 3/ 3 
A 3 / 3  
I 
B 5 / 4-A 4 / 3 
B 5/ 4-A 4 / 3  
B 5 /4�A 3 / 2  
B 5/4- A  3 / 2  
A 3 / 3 
3 / 3  
3 / 2  
3 / 2 
(j) 
--J 
Tab le 1 1  (cont inued)  
Met ers 
Distance 1 3 14 15 16 
0 . 25a A 4 / 3  3 / 2  A 4 / 3  3 / 2  A 6/ 3- 5 / 3  4 / 3  A 5/ 3 3 / 3 
0 . 25b A 4/ 3 3 / 2  A 4/ 3 3 / 2  A 6/ 3- 5/ 3 4 / 3  A 5/ 3 3 / 3 
0 . 75a A 4 / 2  3 / 2  A 4 / 3  3 / 2  A 5/ 3 3 / 3 A 5 / 3  3 / 3 
0 . 75b A 4 / 2  3 / 2  A 4 / 3  3 / 2  A 5 / 3  3 / 3 A 5/ 3 3 / 3 
1 . 5a A 4 / 2  3/ 2 A 4 / 3  3 / 2  A 5/ 3 3 / 3  A 4/ 3 3 / 2  
1 . 5b A 4 / 3  3 / 2  A 4 / 3  3/ 2 A 5 / 3 3 / 3  A 4 / 3  3 / 2  
2 . 5a · A 4 / 3  3 / 2  A 4 / 3  3 / 2  A 4 / 2  3 / 2  A 4 / 2  2 / 2  
2 . 5b A 4 / 3  3/2  A 4/ 3 3 / 2  A 4 / 2  3 / 2  A 4 / 2  2 / 2  
3 . 5a A 4/ 3 3/ 2 A 4 / 3  3 / 2  
3 . 5b A 4/ 3 3/ 2 A 4 / 3  3 / 2  
4 . 5a A 4 / 3  3 / 2  A 4 / 3  3/ 2 
4 . 5b A 4 / 3  3 / 2  A 4 / 3  3 / 2  
5 . 5a A 4 / 3  3 / 2  
5 . 5b A 4 / 3  3 / 2  
Contro l  a A 4 / 3  3 / 2  A 4/ 3 3 / 2  A 4 / 2  2 / 2  A 4 / 2  2 / 2  
Control  b A 4 / 3  3 / 2  A 4 / 3 3/ 2 A 4 / 2  2 / 2  A 4 / 2  2 / 2  
1 a and b represent seperat e compos ite  samp l es t aken a t  d i s t ances from mound 
center . 
2 A , B ,  C ,  and D are 10YR , 7 . 5YR , 5YR , and 2 . 5YR hues , and Munse l l  co lors are 
.for dry and mo ist so i l  samples , respect ively . en 
00 
period o f  time (mounds 2 ,  1 3 , and 14 ) had soil  colors 
s imil ar to the original soil surface becau�e pra irie dogs 
collected surface soil for mound construction ( Ko ford , 
1 9 5 8 ) and because vegetation growth on abandoned mounds 
added organic matter to darken soil surface color , respec­
tively . 
Younger mounds constructed in di ffering parent 
materials or older mounds actively or recently used had 
soil colors inherited from subsoil parent materia l s . 
Soil colors usua l ly had higher values and chromas and 
frequently had more reddish hues than the adj acent undis­
turbed soil . Mounds 5 and 12 were thought to be young 
relative to other mounds studied . Parent material changes 
were near the soil surface so that a shal l ow burrow re­
located different-colored strata to the surface . Mound 
12 was constructed on the footslope of a ridge above the 
intersection o f  two dra inage channels . Wind Cave National 
Park is at the edge of the Black Hil ls dome where sedimen­
tary beds have .been tilted . Soil parent materi a l s  change 
rapidly across slope i f  tilted beds are narrow . The color 
d i fference between mounds 11  and 12 probably i s  caused by 
this change . The two mounds were constructed about 2 5  
meters apart . 
Mounds 6 ,  7 ,  and 9 were actively-used mounds in 
the Bison Flats dog town . Despite the large s i z �  o f  each 
mound , burrowing had not obl iterated the original soil 
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surface beneath each mound . Burrowing probably was 
confined to central tunnels through which subsoil was 
moved to the surface . Subsoil in these mounds had reddish 
hues , higher ( l ighter) values and more yell owish chromas 
than the adj acent undisturbed soil . 
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Mound 3 and 4 soil colors are derived from parent 
materials of reddish ( 2 . 5YR and 5YR) hues . Soil  col ors 
would gradual ly become less reddish with time on the mound 
surface , but both mounds retained 5YR hues in the abandoned 
section of the Red Val l ey dog town . Mounds 3 and 4 are 
large , have .steep s ide slopes which would acce l erate run­
off of  precipitation , and are exposed to wind eros ion · and 
increased evapotranspiration . Plant regrowth i s  decreased 
on each mound because of  droughtiness and soil  melan i z ation 
from organic matter progresses more slowly than on smaller 
mounds . Leaching o f  CaC03 is also reduced and surface soil 
pH values are higher because of reduced water infiltration . 
Furthermore , the air-dry clay surface on mounds wil l  bind 
water at soil moisture tens ions approaching or exceeding 
the range o f  plant water extractibility .  Low average 
annual precipitation ( 3 8  em) in this section of the Red 
Val l ey a l so contributed to less rapid mound color changes 
compared to mounds constructed in towns on rel at ively 
moist s ites . 
7 1  
B .  Soil Texture 
Interaction of soil-formation factors ( parent 
material , c l imate , time , topography , and organisms ) i s  
often complex , yet noticeable patterns o f  s o i l  texture dis­
tribution across mound surfaces were observed ( Tabl e  1 2 ) . 
Surface so i l s  genera l ly became finer-textured moving from 
the mound center to adj acent undisturbed soil  surfaces . 
Undisturbed surface soils were s i lt l oam or l oam texture 
bes ide a l l  studied mounds . 
Textural distribution between mound and non-mound 
so ils varied from the same texture across mound areas to 
abrupt texture changes . Texture differences across mound · 
s ites are due in part to different soil horiz ons being 
excavated , because subsoil is exposed at the s o i l  surf�ce 
as a result of pedoturbation . Some differ�nces can also 
be attributed to wind and water eros ion of finer-textured 
sediments , especial ly from large mounds elevated much 
higher than the original soil surface . Koford ( 19 5 8 ) 
re ferred to soil loss by wind eros ion in drier months , but 
concluded that not enough is known about pra irie dogs to 
measure the ir immediate or ultimate effects on erosion 
through mound-building activity or vegetation removal . 
variab il ity ip slope , vegetation , cl imate , al luvium and 
res iduum parent materials , and the depth and degree o f  
pedoturbation are other factors related t o  s o i l  texture 
distribution across mound s ites . 
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Table 12 
So i l  Textures f rom Mound an d Adj acent Sur f ace So i l  
by Ribbon - Method ( 0-1 0  em) 
Met ers 
from Moun d 
Cen t er 1 2 3 4 5 
0 . 2 5a C l1 1 1 s i l  s i c l  
o . � sb C l  1 1 s i l s i c l  
0 . 75a Cl Cl 1 s i c l  
0 . 7 5b C l  Cl 1 s i c l  
1 . 5a C l  C l  1 s i l s i l 
1 . 5b C l  C l  1 s i l  s i l  
2 . 5a Cs i l� C l  l s i l 
2 . 5b Cs i l  Cl . s i l  s i l  
3 . 5a Cl 1 s i l  
3 . 5b Cl C l  s i l  
4 . 5a s i l  s i l  
4 . 5b s i l  s i l  
5 . 5a 
5 . 5b 
6 . 5a 
6 . 5b 
Con t ro l  a s i l  s i l  s i l s i l  s i l 
Co n t ro l  b s i l  s i l  s i l  s i l s i l  
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Tab l e  1 2  (con t inue d )  
Met ers 
from Mound 
Cent er 6 7 8 9 1 0  
0 . 2 5a s cl s i cl s i cl s i c l  s l  0 . 2 5b s c l  s i c l  s i cl s i c l  s l  
0 . 75a s c l  s i c l  s i c l  s i c l  s l  0 . 75b s c l  s i c l s i c l  s i c l  s l  
i . sa s c l  s i cl s i cl s i c l  s l  1 . 5b c l  s i c l  s i c l  s i c l  s l  
2 . 5a c l  s i c l  s i c l  
2 . 5b cl s i cl s i c l  
3 . 5a s i l  s i c l  s i c  
3 . 5b s i l  s i c l  s i c  
4 . 5a 
4 . 5b 
Con tro l  a s i l  s i l  s i l s i l  1 
Con t ro l  b s i l  s i l  s i l  s i l  1 
74 
Tab l e  1 2  (cont inue d }  
Met ers 
f rom Moun d 
Cen t er 1 1  1 2  . 1 3  14 1 5  1 6  
0 . 2 5a 1 c s l  s l  co 1 1 s l  
0 . 2 5b 1 c s l  s l  col s l  
0 . 7 5a 1 c l  s l  s l  co l 1 
0 . 75b 1 c l  s l  s l  co l 1 
� . Sa 1 s l  1 c e 1 1 1 
1 . 5b 1 s l  1 e e l  1 
2 . 5a s l  1 1 1 
2 . 5b s 1  1 1 1 
3 . 5a s l  1 
3 . 5b s l  1 
4 . 5a s l  1 
4 . 5b s l  1 
5 . 5a 1 
5 . 5b 1 
Cont ro l  a s i l  1 s i l  s i l s i l  1 
Con t ro l  b s i l  1 s i l  s i l  s i l  1 
1 C l = coars e l o am .  Cs i l = Coarse s i l t  loam .  s i l = s i l t  loam . 
l = l o am .  s i c l = s i l t y c l ay loam . c= c l ay . co l = co b b l y  lo am . 
c c l = cobb l y  c·l ay l o am . s c l = s andy c l ay loam . 
c l = c l ay loam . s i c= s i l t y  c l ay . s l= s andy l o am . 
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Few studies have dealt with rel at ionships between 
rodent burrowing and soil texture , concentrating instead · on 
the volume o f  soil raised and number of  mounds created by 
excavation activity ( Grinne l l , 19 2 3 ; Mil ler , 1 9 4 8 ; Mil l er 
and Bond , 1 9 6 0 ; Reid et al . ,  19 6 6 , and others ) . Deep , 
wel l-dra ined soi l s  without excess ive gravel or sand content 
represent typical s ites for prairie dog col on i zation 
( Hardy , 1 94 5 ; Sheets et al . �  19 7 1 ; Dal stead et al . ,  19 8 1 ) , 
although Thorp ( 19 4 9 )  studied a colony o f  prairie dogs 
establ ished in soil with s ilt loam surface texture under-
lain by sanQ and gravel 2 to 3 meters bel ow the soil  sur­
face where pra irie dog pedoturbation altered the mound so il 
to a loam texture . Crotovinas are a Russ ian term used to 
describe abandoned tunnel s  and nests of rodents f i l l ed in 
with soil material ( Joffe , 1 9 4 9 ; Hole , 19 8 1 )  which contri-
bute to redistribution of  different-colored and textured 
soil s . However , the most comprehens ive study o f  prairie 
dogs noted only that inhabited soils were " rel atively 
heavy" ( fine-textured ) and that burrows occur in many kinds 
of soil ( Koford� 195 8 ) . Mounds are apparently l imited to 
soils with enough fine-textured soil material to preserve 
tunnel s  and gal l eries from caving in from water infiltra­
tion and increased sediment loads depos ited on the mound 
surface by subsoil excavation . 
Excavation of an underlying cont iguous bed o f  
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finer-textured parent material may explain the increas ingly 
coarser-textured soil surface moving away from the mound 
12 center . S o i l s  were clay texture surrounding the mound 
center , clay loam across the mound surface , and l oam tex-
ture on the non-mound soil surface . The mound i s  part of  
post-19 8 2  colony expans ion onto poQrly-vegetated slopes at 
the southern edge of the Bison Flats dog town . Time has 
been insufficient for eros ion to move the c l ay-s i z ed soil 
fraction downslope . Several authors noted increases in 
fine-textured soil material as a component of termite (Nye , 
1 9 5 5 ; Lee and Wood , 1 9 7 1 )  and ant mounds ( Baxter and Hole , 
19 6 7 ; Salem and Hol e , 1 9 6 8 ; Cowan et al . ,  1 9 8 5 )  and worm 
casts ( Thorp , 19 4 9 ; Hoi e , 1 9 6 1 ) . However , prairie dog 
subsoil excavation appears to be at best non-selective 
regarding particle s i z e . Surface soil texture is more 
l ikely influenced by subsoil parent material and by el i-
matic and topographic effects after soil excavation . 
Mounds 5 ,  7 ,  8 ,  and 9 had sl ight texture changes 
from silty clay loam to silt loam across mound to non-mound 
surface soil s . Uni formity of  subsoil parent material and 
insufficient time for slope and wind and water eros ion to 
a ffect mound surface soil texture may a l l  be factors in the 
nearly uni form texture distribution across these mounds . 
In support o f  the above ideas , mounds 7 ,  8 ,  and 9 are in 
active use . Continual excavation of finer-textured subsoil 
would counteract cl imatic and topographic influences on 
... q 
, 
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mound soil texture . In addition , the s ite o f  mounds 8 and 
9 ,  near the depress ional area o f  an old streambed , has 
been subj ect to stream deposition of various uni form-
textured sediment layers . 
Coe fficients of variation ( CV ' s ) in c l ay content 
of Mol l isols formed in al luvium or residuum were found to 
be as high as 57 percent in Mausbach ' s  ( 19 8 0 )  s tudy on 
soil variab i l ity , with CV ' s  of Entisols (mound 9 )  up to 
61 percent . 
No l arge rocks were found in mound soil s  at study 
s ites . Hans�n and Morris ( 19 68 ) recorded s imilar findings 
for northern pocket gophers ( Thomomys talpo ides ) .  
Little movement o f  rocks greater than 2 . 5  em in diameter 
was noted , and rel atively fewer rocks were moved under dry 
soil conditions and when so ils conta ined few l arge rocks . 
C .  Soil pH 
The pH of most mound soils decreased with 
increas ing distance from the mound center ( Tabl e  1 3 ) . Mean 
pH values of mound surface soils are signi ficantly dif­
ferent from non-mound surface soi ls except for mound 11  
( Table 14 ) . 
soil  pH varies l it·tle ( CV .= 15  percent ) between 
soil profiles within landscape units of a few hectares 
(Wilding et al . ,  1 9 8 3 ) . Mausbach et al . ( 1 9 8 0 )  examined 
groups of pedons , each representing different parent mate-
\ "'llllllll, .IJ 
Table  13  
Averag e 1 : 1  pH o f  t he 0- 10 em layer of  Prai r i e  Dog Mounds wi th I ncreas ing 
Dist ance from the Mound Cant er . 
Mound 0 . 2 5 0 . 7 5 1 . 5  2 . 5  . 3 .  5 4 . 5  5 . 5 6 . p  
1 7 . 43 7 . 39 7 . 12 6 . 56 - - - -
2 7 . 00 7 . 1 2 7 . 09 6 . 76 6 . 34 ,... - -
3 7 . 71 7 . 64 7 . 64 7 . 60 7 . 59 7 . 34 7 . 1 7  6 . 84  
4 7 . 8 8 - 7 . 78 - 7 . 52 7 . 2 9 6 . 77 ... 
5 7 . 82 7 . 76 7 . 50 7 . 2 5 - - - -
6 7 . 4 3 7 . 42 7 . 16 6 . 81 6 . 13 - - · -
7 7 . 61 7 . 69 7 . 68 7 . 43 6 . 99 - - -
8 7 . 51 7 . 55 7 . 43 - - - - -
9 7 . 63 7 . 60 7 . 56 7 . 50 7 . 1 2 ..,.. - -
10 6 . 44 6 . 88 6 . 52 � - - - -
1 1  6 . 76 6 . 82 - - - - - -
1 2  7 . 39 7 . 58 7 . 28 - - - - -
13 5 . 31 5 . 4 5 5 . 69 !) . 7 1 5 . 74 5 . 7 5 5 . 85 -. 
14 5 . 80 5 . 77 5· . 7·3 5 . 86 5 . 76 5 . 90 - -
15  7 . 67 7 . 60 7 . 47 6 . 78 - - - -
16 7 . 31 7 . 20 7 . 29 6 . 1 5  - - - -
1 Average of  two compos it e samp l es t aken 3 met ers beyond the mound edge . 
Non-
Mound1 
6 . 32 
6 . 08 
6 . 49 
6 . 60 
6 . 74 
6 . 05 
6 . 00 
7 . 38 
6 . 83 
6 . 47 
6 . 75 
6 . 89 
6 . 00 
6 . 01 
6 . 00 
6 . 01 
-.J 
00 
Tab l e  1 4  
Analys i s  o f  Vari an c e  fo r Average 1 : 1  pH o f  Mou n d  
Sur f aces Compare d  t o  Adj a c ent No n-Moun d  S o i l . 
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Mound Numbe r  Mound So i l  d f F1 
1 7 •. 13 6 . 3 2  4 7 6 . 1 7 * *  
2 6 . 8 6 6 . 08 5 1 8 . 9 0 * *  
3 7 . 4 5 6 . 49 8 6 2 . 8 2 * *  
4 7 . 4 5 6 . 60 5 5 2 . 9 6 * *  
5 7 . 58 6 . 74 4 1 1 3 . 4 3 * *  
6 6 . 99 6 . 05 5 24 . 3 8 * * 
7 7 . 48 6 . 00 5 4 3 2 . 74 * *  
8 7 . 5 0 7 . 3 8 3 2 0 . 8 6 * 
9 7 . 4 8 6 . 8 3 5 7 1 . 97 * *  
1 0  6 . 61 6 . 47 3 3 2 . 8 8 * 
1� 6 . 7 9 6 . 7 5 2 0 . 8 0iNS ) 
1 2  7 . 4 2 6 . 89 3 2 4 . 52 
1 3  5 . 64 6 . 00 7 6 . 44 * 
1 4  5 . 8 0 6 . 01 6 6 . 2 4 * 
1 5  7 . 3 8 6 . 00 4 1 3 2 . 5 1 * * 
16 7 . 0 1 6 . 0 1 4 54 . 90 * *  
1 * * =s i gn i f i cant at 1% l ev e l  o f  p ro b ab i l i t y . 
*=s i gn i f i cant at 5 %  l evel o f  probab i l i t y . 
(NS ) =not s i gn i f i cant . 
rial s , up to 3 2  kil ometers apart and found A hori z on pH 
values with CV ' s  o f  1 0  to 1 6  percent for res iduum and 
a l luvium-derived soils . Comparisons within mounds and 
within colonies are more statistical ly meaning fu l  with 
respect to mound ages and the degree o f  chemical and phy­
s ical alterat ion of  soil when soil properties with l imi­
ted variabil ity are measured . 
Calcium i s  the dominant exchangeabl e  cation in 
most plains soil s . Lime ( CaC03 ) leached from A and upper 
B horiz ons can accumulate in Bk and c horiz ons of warm , . 
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very dry plains s o i l  (Westin- and Malo , 1 9 7 8 ) . E xcavated 
calcareous subsoil depos ited at the soil surface increases 
mound surface pH values relative to leached , undisturbed 
non-mound soil . Di fferences of  greater than 1 . 0 pH unit 
between mound and undisturbed soil surfaces were common , 
especially on the maj ority of older and larger mounds . 
Older mounds are composed of a greater volume o f  subsoil 
than recently-constructed mounds . Leaching o f  carbonates 
would be inhib ited by frequent addition of calcareous sub­
soil at the mound center . Accordingly , pH values would 
remain high for a longer time there . 
Mounds 8 ,  1 0 , and 1 1  were constructed in Hilger 
cobbly loam s ince post-19 7 6  expans ion of the Bison Fl ats 
dog town . Younger mounds are composed of appreciable 
amounts of surface soil  ( Koford , 1 9 5 8 ) . Depth o f  burrowing 
may be insufficient to relocate calcareous subsoi l  at the 
8 1 
surface o f  mounds 1 0  and 11 , and pH values are uni form for 
mound and non-mound surfaces as a result . The mound 
8 s ite , on the footslope pos ition of a toposequence 
above an old streambed , may also have had additions o f  
calcareous Winetti cobbly loam surface soil  eroded from 
upslope . These additions could increase non-mound surface 
soil pH values so  that variabil ity in pH between mound and 
undisturbed ( non-mound) soil surfaces was not evident . 
Long-term nutrient cycl ing through vegetat ion could 
explain pH increases moving �cross mound to non-mound soil 
surfaces at mounds 1 3  and 14 . Both are old , abandoned 
mounds constructed on a level terrace . Western wheatgrass 
grew densely on non-mound soil but was sparse on mounds . 
· Scattered clumps of l ittle bluestem were found on mounds 
but were infrequent on adj acent non-mound s o il s . Decom-
pos ing plant l itter high in calcium and other bases may 
have partially neutral i zed soil surface acidity on undis­
turbed soil  (Jenny , 19 8 0 ) . Calcium l eached from mound 
surface s o i l s  as CaC03 was not recycled upward as ef fec-
tively or for as long a period of time by l ittle bluestem 
and shal low-rooted annual plants which invaded the dis-
turbed soil  a fter mound abandonment . 
sandy loam soil textures found across much of 
mound 13  and the center o f  mound 14 would be more wel l -
drairied , arid locations than silt loam-textured undis-
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turbed soil s . White ( 19 6 1 )  observed l ittl e  bluestem growth 
confined to weakly-developed soils o f  gilgai microridges in 
some areas of western South Dakota . Microridges are 
s imilar to mound soils because pedoturbation ( phys ical and 
biological , respectively) created weakly-devel oped soil 
profiles in both cases . White also noted that western 
wheatgrass tended to occupy moist microval l ey pos itions 
between microridges . Finer-textured non-mound s o i l s  are 
more structura l ly well-developed , fav?ring establ ishment 
of western wheatgrass and propagation of that species by 
rhi z omes . Long-term nutrient cycl ing without s o i l  distur-
bance would counter leaching of bases more e f fectively than 
on mound s o i l s , where leaching may not have been compen-
sated for by nutrient cycl ing . 
stati st ical comparisons of pH values between 
mounds from the same study area general ly were not s igni f-
icant ( Tabl e  15 ) . Mound 2 is likely much older than mound 
1 s ince past forested soil colors have been obscured by 
increased pedoturbat ion relative to mound 1 .  Lower surface 
pH values across mound 2 are the result of l onger mound 
surface exposure to calcium leaching compared ·to mound 1 .  
Mounds 1 0 , 1 1 , and 12 are contiguous and were constructed 
on cobbly , slop ing s ites · with tilted beds of sedimentary 
rock . Notable color differences between mounds support 
the idea of di fferent parent materials at these three 
Tab l e  .1 5  
Anal y s i s  o f  Var i ance for Average 1 : 1 p H  Values Between S e lect ed Mounds f rom 
t he S am e  Study Area . 
Mound Compar iso�1 aver age EH pH r ange 
a b a b a b F
2 
-
1 vs 2 7 . 04 6 . 7 3  6 . 30-7 . 46 6 . 07-7 . 18 2 6 . 30* 
3 vs  4 7 . 28 7 . 42 6 . 47- 7 . 7 1 6 . 54-7 . 99 . 8 . 1 5 ( NS ) 
6 vs 7 6 . 96 7 . 09 5 . 98- 7 . 50 5 .  96- 7 •. 73  1 1 . 61 ( NS ) 
8 vs 9 7 . 48 7 . 35 7 . 37-7 . 58 6 . 7 3-..7 . 68 8 . 1 6 ( NS )  
10 vs 1 1  6 . 59 6 . 78 6 . 44- 6 . 90 6 . 71- 6 . 84 3 8 . 20* 
1 1  vs 12 6 . 78 7 . 2 9 6 . 71- 6 . 84 6 • . 88- 7 . 60 514 . 48 * *  
1 3  vs 14 5- . 59 5 . 86 5 . 21-6 . 04 5 . 71- 6 . 01 1 4 . 50 ( NS )  
15  vs 16 7 . 09 6 . 84 5 . 89- 7 . 74 5 . 82-7 . 32 1 0 . 2 2 ( NS )  
1 i nner two samp l i ng ri ngs and control sampl es f rom each mound were us ed fo r mound 
compar isons o 
2 * *=s i gn i f i cant at 1% level of probab i l i ty . *=s i gn i f i cant at 5% l eve l . 




mounds o f  s imilar ages . Younger-aged mounds would have a 
pH distribution influenced primarily by parent material ; 
Large pH d i fferences between parent material s would be 
stat istica l ly s igni ficant . 
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Over t ime , cl imatic effects on mound soil pH become 
increas ingly important , homogeni z ing pH d i fferences between 
mounds by leaching greater relative quantities o f  CaC03 
from calcareous mound soil than from non-cal careous mounds . 
S igni ficant pH differences between older mounds from the 
same study area are in this way less l ikely . 
D .  Total Phosphorus in Surface Layers 
Total phosphorus contents of the s o i l  surface
. 
layer ( 0- 1 0  em) , analyz ed in 19 8 5 , tended to decrease 
with distance from the mound center ( Table 1 6 ) . Older 
mounds general ly had signi ficantly more total phosphorus 
in surface layers than adj acent undisturbed soi l . 
Younger mounds had fairly uni form total phosphorus in 
mound and undisturbed surface layers ( Tabl e  1 7 ) . 
Differences in total phosphorus were not always 
s igni ficant . Comparisons made between mounds from the 
same study area were not signi ficant except for mounds 10  
and 1 1 . However , when orthogonal comparisons were used to 
maximiz e  degrees of freedom and partition the sum o f  
squares , more s igni ficant differences i n  phosphorus con­
tents were found between mound and non-mound s o i l  surfaces 
Tab l e  1 6  
Mean Tot al Phosphorus Cont ent ( mg Kg- 1 ) o f  t he 0- 1 0cm l ay er o f  Prair i e  Dog 
Mounds with I ncreas i ng Dis t ance . f rom t he Mound Cent er . 
Mound 0 . 25 0 . 7 5 b..§ 2 . 5  3 . 5  4 . 5  5 . 5 6 . 5 
1 7·1 8 718  640 556 - - - -
2 679 636 676 646 673 - - -
3 710 680 678 634 624 609 526 474 4 680 - 656 - 684 561 516 -5 700 680 624 616  - - - -
6 609 660 671  686 691 - - -
7 862 832  834  764 798 - - -
8 870 808 905 - - - - -
9 84 8 837  761  812  71 8  - - -
10 1 26 1 3 6  230 - - - - -
1 1  4 8 1  392 � - - - - -1 2  590 482 387 - - - - -
13  690 67 5 693 7 05 618  555  503  -14 602 573 612  .643 607 565  - -15 650 616  612  441  - - - -16 500 539 453  479 - - - -






















Tabl e  1 7  
Stat ist i cal Analys is of  Mean Phosphorus Cont ent s o f  Mound Sur f ace·s · Compared 
to Non-Mound So i l . 
· 
Mound Number 
Tot a l  P ( mg Kg-1 ) . 
Mound So 1 l  d f  







































7 3 0  
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*=s ign i f i cant at 5% probab i l i t y . 
( NS )=not s i gni f i cant . at � 5% - probab i l it y . 
F1 
1 2 . 21 * 
2 . 4 8 ( NS )  
9 . 38 * 
7 . 84 * 
3 3 . 80* *  
2 0 . 8 9* *  
1 .24 ( NS ) 
1 . 84 ( NS )  
1 . 51 �NS ) 
1 1 . 67 
8 . 78{NS ) 
42 . 10 * 
1 2 . 1 5* 
8 . 01 * 
* 1 2 . 70 
1 . l 5 ( NS )  
00 
0) 
( Table 1 8 ) . Within mounds , pedoturbation could homoge­
n i z e  total phosphorus contents i f  mound s o i l s  were 
thoroughly mixed during excavation . On the other hand , 
incomplete mixing of soil material , parent material vari­
abil ity , s l ope , cl imatic , and b iotic factors make predic­
tions o f  surface phosphorus contents d i f ficul t . 
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Smith e t  al . ( 19 5 0 )  observed decreas ing total phos­
phorus contents with depth in Tama s ilt loam in I owa to the 
A3 and increases in the B horizon before reaching a maxi­
mum in the C horiz on .  Likewise , Lipps and Chesnin ( 19 5 0 )  
found maximum phosphorus contents in the parent material 
o f  Chernoz em soils . Total phosphorus contents were vari-
able in hori z ons above parent material s for d i fferent 
soil s . They attributed the accumulation o f  phosphorus in 
surface hori zons to upward cycl ing by rhi z osphere plants . 
other studies have found total phosphorus contents 
decreased gradual ly or irregularly with depth ( Alway and 
Rest , 19 16 ; Nye and Bertheux , 19 57 ; White and Gartner , 
1 9 7 4 a ) . Total phosphorus contents of  sma l l , young mounds 
may -be more directly influenced by parent material phos­
phorus l evels than older and larger mounds . Smal l  mounds 
with shallowly-excavated burrows contain smal l er quantities 
of  subso il relative to surface soil , whereas older mounds 
are primari ly subsoil ( Tileston and Lechle itner , 19 6 6 ) . 
In addition , fecal wastes and phosphorus are less l ikely 
to accumulate on the small surface area of young mounds . 
Tab l e  18 
Orthogona l  Compari sons o f  Mean Tot a l  Phospho rus Con t ent Between Sel ect ed 
Mound and Undi sturbed Sur f ace So i l s  ( 0- 1 0cm) . 
Samples 
Mound Numbe rs M�und1 So i l' S ign i f icance2 . 
( mg .Kg- 1 ) 
1 , 2 , 3 , 4 , 5 , 13 , 14 671 568 F = 0 .  01  
6 , 7 , 8 , 9 , 1 0 , 11 , 12 , 1 5 , 16 595 568 F = 0 . 05 
6 , 7 , 8 , 9 , 10 , 11 , 12 599 598 NS 
15 , 16 583  461 F = 0 . 01. 
13 68.2 54 3 F = O .  01 
14 588 547 NS 
1 718 58 7 F = 0 .  01  
2 657 701 NS 
1 Mound soil  is repres ent ed by t he two inner samp l i ng r i ngs . 
2 F = 0 . 01 ,  F = 0 . 05 ,  and NS are s i gn i f icant at 1% , 5% , and not s ign i f i cant 
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S igni ficant differences between mound and non-mound phos­
phorus contents , part icularly mounds 10 arid 1 2 , may be due 
to an abrupt parent material change near the s o i l  surface . 
Subsoil may have been used in greater proportion than sur­
face so il  to construct each mound . 
Mound 15 had s igni ficantly more total phosphorus on 
mound soils  relat ive to non-mound soil bec·ause o f  large 
numbers of fecal pel lets which had been excreted on the 
mound surface. or excavated there from subsoil tunnel s  and 
gal leries . 
Surface layer phosphorus contents were markedly 
different between mounds 1 and 2 desp ite their l ocation 
1 0 0  meters apart . Mound 1 had a sign i ficantly higher 
surface layer phosphorus content in mound compared to non-
mound soil , yet mound 2 is thought to be older than mound 
1 because o f  the larger s i z e , greater area o f  di sturbed 
soil beneath mound 2 ,  relative absence of previously-
forested soil col ors with depth , and lower surface pH 
values in the mound 2 soil . Phosphorus distribut ion in 
mound 2 fa i l s  to support the preceding evidence . Mound 2 
may have been abandoned soon a fter subsoi l  was deposited on 
the mound surface . In this case , phosphorus contents on 
the mound surface would reflect parent material phosphorus 
levels instead of phosphorus accumuiated from prairie dog 
activity . Mound 2 may also have been used intermittently 
for a long period o f  time so that phosphorus accumul ation 
had not proceeded at a rate comparable to mound 1 .  
Greater downhi l l  movement o f  eroded , phosphorus- rich 
col luvial sediments may explain the higher total 
phosphorus contents on non-mound surfaces at mound 2 .  In 
addition , Koford ( 19 5 8 ) found that badgers ( Taxidea 
taxus ) were not only common in Wind Cave National Park 
but that they were capable of digging to the deepest re-
cesses o f  burrows , bringing the l ining o f  prairie dog 
nests to the surface . Pedoturbation o f  the mound 2 sur-
face during badger �igging could partial ly alter mound 
surface phosphorus distribution , although no l a rge-s c�le 
digging in the mound 2 surface was apparent . 
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Mound Format ion Rate 
Area of disturbed original soil surface beneath 
mounds wa s proportional to total mound surface area 
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( Tabl e  19 ) . Measurements o f  the rel ationship were plotted 
logarithmica l ly , obta ining a high coefficient of determi­
nation (r =0 . 7 8 )  between total and disturbed soil surface 
areas ( Figure 14 ) . Variabil ity about the regre s s ion l ine 
is dependent on the amount of surface soil s craping by 
prairie dogs , year$ of mound activity , ease o f  subsoil 
excavation , and availabil ity of adj acent s ites for mound 
construction . Mounds appeared to be more numerous and 
smaller in the Bison Flats dog town relative to other . 
studied areas . Available area for colony expans ion is 
great here ( Lovaas , 197 2 ) . In the Red Val l ey , the hogback 
ridge and shallow ,  rocky so�l pro file favored enlargement 
of existing mounds and l imited colony expans ion due � to 
excess ive slope . 
As time o f  mound use by prairie dogs increases , 
subsoil additions to mounds could be expected to increase 
if subso il is friable enough for the construction of l onger 
tunnel s  and more gal leries . Steep slopes and sha l l ow soils 
were found to impede mound formation in most areas o f  the 
park ; Smaller , younger mounds were located on many o f  these 
. s ites of marginal pra irie dog hab itat if col ony expans ion 
had made emigration necessary . 
soil samples col lected from the buried soil  surface 
Tabl e 1 9  
Tot al Mound Sur f a c e  Ar e a  and Area o f  D i s t urb e d  
Or ig�nal So �l Sur fac e .  
Mound A r ea ( m2 ) 










1 0  
1 1  
1 2  
1 3  
14 
1 5  
1 6  
1 5  
3 0  
1 61 
1 40 
1 3  
5 0  
44 
1 3  




1 2 8  




2 0  
1 1 6  
9 6  





O o 2  
0 . 2  
O o 2 
4 2  
1 3  
4 
0 . 3 
1 Mounds a r e group e d  according t o  t h e f i v e  maj o r  
ar e as s t u di e d  at W i nd Cav e Nat i o n a l  P ark . 
92 
9 3  
( 19 8 4 ) and surface of  mound 1 ( 19 8 5 ) were eli -dated as 
1 3 4 0+-8 0 and 1 9 0 years old . Ruhe ( 19 8 3 ) indicated that 
C14 dates est imate the mean res idence time of soil  organic 
matter . He reported C14 dates o f  4 10+- 1 1 0 , 8 4 0+-2 0 0 , and 
154 5+ - 1 1 0  years before present at 1 5 , 3 8 , and 6 1  centimeter 
mean sampl ing depths of a southern I owa soil . Act ively­
growing plant roots make up a smaller porti on of s o i l  
organic matter with depth . Average age o f  organic matter 
therefore increases with depth where pedoturbat i on is in-
sufficient to redistribute o�ganic matter more uni formly . 
In comparison to Ruhe ' s  data , the original s o i l  surface of  
mound 1 was l ikely 400  to 8 0 0 years old when buried during 
mound construction and the C14 date has increased over time 
as eas ily oxidizable organic matter has been decomposed in 
the original soil surface beneath mound- 1 .  Four hundred 
years is a real istic minimum date for the age o f  mound 1 .  
Mound 3 is located in the Red Val l ey in a 
warmer , drier area of  the park 18 0 meters lower in ele­
vation than mound 1 .  Profile characteristics and mound s i z e  
indicate that forest encroachment into grassland was not 
a factor in this section of the Red Val l ey and that mound 
devel opment l ikely progressed uninterrupted for thousands 
of  years . The extreme drought period 7 , 0 0 0  years before 
present coincided with the time grassl ands were most ex­
tens ive al ong grass- forest ecotones and probably represents 
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the time mound 3 was first constructed . Food shortages 
due to drought or overgraz ing are a cause of dog town 
expans ion ( Ko ford , 1 9 58 ) . When vegetation became sparse , 
parts o f  dog towns were abandoned and prairie dogs moved 
toward more vegetated areas on town margins ( Ba i l ey ,  1 9 2 6 ) . 
Digging of new burrows and vegetation modif icat ion by 
prairie dogs made sites favorable for future and continued 
occupation . Mounds constructed near mound 3 were l ikely 
used continuously because o f  difficulty in tunnel ing 
through the shallow subsoil boulder layer . 
Us ing age estimates of mounds 1 and 3 and disturbed 
soil area beneath mounds , a l inear scale o f  mound age� was 
plotted ( Figure 15 ) . . Ages are cons istent with known or 
estimated ages for mounds except for mounds 8 ,  9 ,  and 1 5 . 
These mounds may have been recoloni zed a fter abandonment 
or po isoning . Bison Flats dog town , s ite o f  mounds 6 
through 12 , was cited by Lovaas ( 19 7 2 ) as having very 
great potential for expansion . Prairie dog control and 
eradication programs in· 1952  and 19 5 3  used poisoned gra in 
to el iminate prairie dogs in large areas of this town . 
Many mounds found at Bison Flats may there fore have been 
recently recolonized instead of constructed . Mounds 6 and 
7 were constructed before 19 7 6 , while mounds 8 and 9 and 
mounds 1 0 , 1 1 , and 12 ware thought to have been constructed 
a fter 19 7 6  and 1 9 8 2 , respectively . Intermittent mound use 
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before or a fter observed continuous col on i z at �on and 
different rates of subsoil excavation both a ffect the l inear 
relationship between variables used in Figure 1 5 . 
It is s ignificant that the three oldest and largest 
mounds (mounds 3 ,  4 ,  and 13 ) also have the greatest 
decreases in total phosphorus from inner to non-mound · 
surfaces ( except for mounds 12 and 1 5 ) . The three mounds 
may be examples of long-term phosphorus accumulation by 
prairie . dog activity . Mound 12 l ikely exposed dissimilar 
parent materia l s  during construction , while mound 
15 had numerous fecal pel lets scattered across the mound 
surface which became part of col lected soil samples a� that 
s ite . I f  phosphorus-rich subsoil were the exp lanation for 
s ign i ficant differences between mound and non-mound soil 
surface total phosphorus contents at mounds 3 and 4 ,  then 
s imilar large decreases in surface total phosphorus con­
tents between mound and · undisturbed soil s at mounds 6 and 7 
would also be expected since Til ford s ilt loam is found at 
each s ite . No such trend is noticeable . In  fact , outer 
sampl ing rings still  within the mound area ( 6 . 5 ,  3 . 5 , and 
5 . 5  for mounds 3 ,  4 ,  and 13 , respectively ) have total 
phosphorus contents quite similar to adj acent non-mound soil 
surfaces at each site . S ince the outer mound surfaces are 
composed partially or wholly (mound 3 )  of subsoil and pro­
bably have had less phosphorus accumulation thr�ugh prairie 
dog activity compared to nearer the mound center ,  it is 
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l ikely that large d i fferences i n  total phosphoru s . contents 
with depth do not exist in these soil pro f i l es . S igni ficant 
d i fferences in total phosphorus across mound surfaces could 
therefore be attributed to prairie dog influences on mound 
soil s instead o f  large di fferences in phosphorus content 
with depth . 
In addition , younger mounds o ften had sma l l  decreases 
or increases in total phosphorus across mound to non-mound 
surfaces . Phosphorus-rich subsoil may therefore not be a 
factor iB distribution o f  to�al phosphorus contents across 
younger mounds .  In most cases , recent mound construction 
precludes phosphorus accumulation on mound surfaces 
because fecal , carcass or bone , and plant materials have 
not been incorporated into mound soil or depos ited on 
younger mound surfaces as frequently . as on older mounds . 
Younger mounds also tend to be smaller in s i z e  relative to 
older mounds . Prairie dogs may theref�re . spend less time 
confined to the dimensions of a smal ler mound , which would 
have accumulated phosphorus more rapidly than a l arger mound 




Prairie dogs both influence and are influenced by 
interaction o f  f ive soil- forming factors : parent material , 
cl imate , organisms ( b iotic factor ) , topography , and time . 
Each determines the expression o f  observabl e  and measurable 
soil properties across a landscape . 
Rel ationships between dog towns and vegetation are 
visible in the field , but there is a notabl e  l ack o f  re-
search concern ing influence of burrowing anima l s  on vege-
tation (US DA , 1 9 7 8 ) . Prair�e dogs disturb soil  through 
excavation and cut down tall  plants within dog towns , 
favoring estab l i shment of edible forbs and short grasses 
and removing obstacles to vis ion and movement ( Ko ford , 
19 5 8 ) . Past authors often attributed range dep letion to 
prairie dog col on i z ation (Merriam , 19 02 ; Bel l , 1 9 2 � ; 
Taylor and Loft field , 1 9 2 4 ; Bailey , 192 6 )  without 
cons idering that thriving populations o f  pra irie dogs 
may have been caused by range overgra z ing o f  catt l e . 
The resulting flora would be composed o f  succulent young­
growth short grasses and forbs which would promote 
expans ion of dog towns . 
z onation o f  vegetation due to pra irie dog coloni-
zation is more apparent in act ive or recently-abandoned 
towns than in long-abandoned towns . In the former cases , 
prairie dogs have ma intained a vegetative subcl imax within 
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mound and town areas through recent foraging activity and 
cutting of tall plants . Osborn and All en ( 19 4 9 ) described 
vegetation z onation around a studied prairie dog town as 
representing seven stages o f  plant success ion found local ly 
where success ion proceeded without environmental distur-
bance . The central town area represented the earl iest sue-
cess ional stage ( bare ground and mat forbs ) ,  with concen-
tric rings outward from the town center represent�tive of 
more advanced stages of plant success ion . The outer vege-
tation z one of Osborn and Allen was composed o f  c l imax-
stage tal l  grasses (big and � ittle b luestem and indian-
gras s )  . 
Mounds 6 through 12 and mounds 15  and 1 6  exhibited 
vegetational z onation , although z onation was not observed 
to be entirely concentric or composed of many p lant succes-
s ional stages on or near these active mounds . Plant growth 
was l imited around each mound relative to adj acent areas 
outs ide dog towns . S ilvery wormwood and red threeawn were 
only somewhat abundant on or near mounds 6 through 12 at 
Bison Fl ats , while short , isolated stands of western wheat-
grass grew only at a distance from each mound . Mounds 15  
and 1 6  exhibited abrupt changes in vegetat ion . S ilvery 
wormwood , white sage , and pussytoes ( Antennaria �) 
grew on and near mound surfaces . The southern edge o f  the 
town was bordered by a tall , dense . stand o f  · l ittle bluestem 
which grew as close as 1 0  meters from mound 1 6 . Close 
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proximity o f  l ittl e  bluestem to active mounds was indica-
t ive of recent col oni zation of this area of Rankin Ridge 
by prairie dogs . 
I n  the l atter · case , plant success ion proceeds toward 
cl imax stage a fter mounds and towns are l ong-abandoned or 
have too sma l l  a population o f  prairie dogs to maintain a 
vegetative subcl imax . Mounds 1 3  and 14 were apparently 
long-abandoned . Western �heatgrass grew profusely around 
but sparsely on mound surfaces , while bluegrama and buffalo-
gras s  were ident i f ied as understory grasses on and around 
each mound . · Scattered clumps of l ittl e  bluestem were found 
on both mounds . No forbs grew ih fair abundance on or near 
· mounds 13 and 14 except for yel l ow sweet clover ( Mel i lotus 
officina l i s ) .  In  the absence o f  prairie dog foraging · and 
cutting , more advanced stages of plant success ion and 
tal ler plants have replaced or are replac ing bare ground 
and forbs . at s ites formerly occupied by prairie dogs . 
Similarly , Osborn and Al len ( 19 4 9 ) observed pl ant succes-
s ion and abandonment o f  a prairie dog town for 10 years 
a fter private gra z ing was terminated . Plant success ion 
proceeded towards cl imax stage tall grasses , and prairie 
dogs were unable to mainta in enough o f  a shortgrass sub­
cl imax within the colony to meet nutritional needs . 
Prairie dogs were thought to occupy the study area only 
with the ass i stance of heavy cattl e gra z ing to favor the 
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shortgras s  success ional stage . Osborn and Al l en ' s  study 
l ends credibi l ity to the idea that prairie dog col oni z at ion 
in itsel f is an e ffect of vegetative conditions rather than 
a cause . 
Fewer and larger mounds were present in areas 1 
( mounds 1 and 2 ) , 2 ( mounds 3 ,  4 ,  and 5 ) , and 4 (mounds 13  
and 1 4 ) . Sma l l  prairie dog populations which appeared to 
have existed at these s ites may have been unab l e  to main-
tain shortgras s  subcl imax at the expense of tal l er plant 
encroachment from the borders of these smal l er towns . 
-
Furthermore , survival o f  colonies is higher where more 
individual s  can detect danger or where a catastrophe .such 
as flooding or predators is less l ikely to el iminate an 
entire dog town ( King , 19 5 5 ) . 
Recent work investigating ecological rel ationships 
between herbivores and vegetat ion has been undertaken at 
Wind Cave ( Coppock et al . ,  19 8 3 a , b ;  Detl ing and Pa inter , 
1 9 8 3 ; Archer and Det l ing , 1 9 8 4 ; Ingham and Det l ing ,  1 9 8 4 ) . 
S igni ficant findings included that pra irie areas uncolo­
n i z ed by pra irie dogs had the greatest l ive pl ant b iomass 
per unit area and that 3 to 8 years o f  pra irie dog coloni­
z ation , although producing greatest total divers ity o f  
plant spec ies o n  dog towns , produced the l east l ive plant 
biomass ( Coppock et al . ,  19 8 3 a ) . Forbs and dwar f  shrubs 
composed :> 9 5 percent of biomass on old pra irie dog towns 
while graminoids made up � 8 5 percent o f  pl ant b ioma s s  on 
uncol oni z ed prairie . Dead plant biomass and . l itter de­
cl ined on town s ites and s ignificantly less lea f  biomass 
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was produced from t i l l ers of big bluestem and threadleaf 
sedge ( Carex f i l i fo l i a )  as prairie dog colon i z ation 
time increased , thought to be due to increased competition 
for and multip l e  defol iation of til lers ( Coppock et al . ,  
19 8 3 a ; Ingham and Detl ing , 1 9 8 4 ) . Western wheatgrass 
growing within studi ed prairie dog towns adapted to multi­
ple defo l iations by producing greater plant leaf blade/ l eaf 
sheath ratios , more horizont?l leaves , fewer l eaves/ t i ller , 
and narrower leaf blades relative to western wheatgrass 
within graz ing exclosures ( Detl ing and Painter , 1 9 8 3 ) � 
studies o f  plant growth form and defol iation were not at-
tempted here , but observations made in the field support 
plant biomas s  and compos ition findings cited by the pre-
vious authors . 
Removal o f  plant cover on and near mounds a ffects 
soil propert ies there in various ways . Total p lant biomass 
is reduced by immediate removal of plant cover and by long-
term reduction of plant growth a fter multiple de fo l i ation 
and subsequent slower growth rates o f  edible plants . Poor 
plant cover on and near mounds leads to decreased l evels of 
soil organic matter and nitrogen . Long-term plant removal 
on mounds 1 through 3 may be a cause of lower s o i l  surface 
organic matter leve l s  relative to non-mound surface . soils . 
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However , results o f  nitrogen and phosphorus analyses 
indicate that addition o f  nutrient-rich fecal material 
partially or whol ly compensates for forage removal before 
mound abandonment , especial ly on mound 3 . . Loss o f  organic 
matter from plant sources is highest on and near mounds and 
should decrease with distance from the mound center i f  
foraging ac��yity reduces plant cover to a greater extent at 
and near the mound s ite . 
Vegetati on removal . at mound sites a lso·. a f fects sur-
face soil microcl imate within prairie dog towns . Decreased 
soil organic matter and more direct inc idence o f  solar 
radiation and wind on exposed soil decreases s o i l  water-
. holding capacity and dries soil surfaces into a hard crust 
a fter mounds are abandoned or subsoil is no l onger exca-
vated . Infiltration of precipitation is thereby reduced 
along with increased soil surface temperatures .  Vegeta-
tion estab l ishment on mounds may there fore proceed slowly 
even a fter mound abandonment , although regrowth of vegeta-
tion on mounds . and dog towns may also be rapid ( Ko ford , 
19 5 8 , p .  6 0 ) . Presumably Koford ' s  observation was the 
trend on mounds ( younger than those observed in thi s  study ) 
where soil drying was not intense and enrichment o f  mound 
soil with excreta enhanced plant growth . Expans ion o f  dog 
towns would proceed most rapidly when plant growth is l imi­
ted by overgraz ing or drought . The 19 7 6  expans ion o f  
Bison Fl ats dog town , a l s o  the approximate construction 
date o f  mounds 8 and 9 ,  may have been a response to poor 
forage growth at existing town s ites caused by very dry 
soil conditions that year . 
In addition , mound soils become increas ingly 
susceptible to wind and water eros ion in the absence o f  
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plant cover . In l ocations where prairie dog colon ies are 
dense there are l arge areas o f  bare to poorly-vegetated 
soi l  . . These areas tend to become larger in t imes o f  
drought o r  w�en grass cover i s  repeatedly c l ipped cl ose to 
the s o i l  surface by prairie _ dogs and other wildl ife . Wind 
erosion is a common s ight on prairie dog colonies in the 
Conata Basin o f  western South Dakota (US DA ,  1 9 7 8 ) . 
Subso i l  depos ited in mounds is l ess chemica l ly 
weathered and would initially support less vegetation than 
A hori z on soil  present before pedoturbation . Furthermore , 
wind eros ion o f  mounds removes greater quantities o f  
phosphorus-bearing s o i l  than are removed from l ower inter-
mound areas . Water eros ion may also redepos it phosphorus ­
rich soil  from
.
higher central mound surfaces so that phos-
phorus accumulates toward or around the mound rim , depending 
on mound texture , chemical nature o f  subsoil material , 
length o f  t ime phosphorus has accumulated on the mo�nd , and 
mound topography . 
Prairie dogs compensate f�r phosphorus eros ion from 
mound surfaces by addition and incorporation o f  fecal 
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pel l ets on mounds . Young , recently-excavated mounds 8 ,  1 0 , 
1 1 , 1 5 , and 1 6  were covered with fecal pell ets i n  various 
stages of decompos ition at the time of samp l ing . Pel lets 
may a l so have been redeposited on the moun� surface a fter 
excavation from tunnels and galleries within each mound . 
Increased quantities o f  excavated subsoil are m ixed with 
fecal material as mounds are enlarged . In  this way a 
l arger volume o f  soil across and within each mound becomes 
enriched with phosphorus from fecal pel l ets . 
Bone and carcass remains may also be excavated and 
-
deposited on mounds . Although no prairie dog carcasses 
were observed in this study , prairie dog bones were o.ften 
found on younger-aged mounds . Animal wastes and bone are 
known to be high in phosphorus content (Waggamann , 1 9 69 ) , 
although phosphorus in bone would be s l owly ava i l able for 
comb ination with soil exchange sites relative to fecal 
phosphorus . It was thought that the absence o f  bones on 
old mounds was due to the fact that each mound was no 
longer a compl etely bare , exposed ar�a o f  soil  and that 
bones had been removed by other organisms in the time 
passed s ince mound abandonment , notably mammal s  sma l l er 
than pra irie dogs . Plant res idue wastes dropped on mounds 
as part o f  plant cutting or foraging or excavated from nests 
. · within mounds could also contribute small quant ities o f  
phosphorus to mound surface soils . 
The net e ffect of phosphorus redistribut ion by the 
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sources mentioned is  l ikely to be an accumulation o f  phos-
phorus in mound material as mounds are enlarged and in-
habited by pra irie dogs over time . Soil phosphorus l evels 
were not measured adj acent to dog towns on· uncol oni z ed 
areas . However , · phosphorus concentrations there would 
probably be intermediate to mound ( high phosphorus ) and 
defol iated non-mound ( !'ower phosphorus ) soil s . 
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SUMMARY AND CONCLUS IONS 
Pedoturbation by prairie dogs alters s o i l  develop-
ment through : 
1 .  Burrowing , tunnel ing and excavation o f  soil in 
construction of crater or dome- shaped mounds . 
With t ime , prairie dog activity creates : 
2 . · Mound soils l ighter in . color , coarser-textured 
in the mound center , higher in pH and total 
phosphorus , lower in organic matter , and poorly-
vegetated compared to adj acent non-mixed _soils . 
These soil changes are more permanent than prairie 
dog modi fication o f  vegetation at mound s ites , but may also 
be less v i s ib l e  in examination of dog towns . S o i l  proper-
ties can be used to estimate prairie dog mound ages or at 
least the . l ength of time the mound has been used on a 
intermittent or continuous bas is . 
Sampl ing procedures and analyses conducted in the 
• 
19 8 4  study investigated vertical distribution o f  mound and 
adj acent non-mound soil properties across three l arge 
prairie dog mounds . Soil samples from the 1 9 8 5  study were 
col lected from sampl ing ring grids des igned to systematic-
a l ly determine col lection points across 1 6  mounds to a 
depth o f  1 0  em . 
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Addition o f  greater volumes of subso i l  to mound 
surfaces over t ime results in l ighter-colored mound soil 
relative to adj acent undisturbed surface s o i l . Mound soil 
surfaces may be coarser-textured than non-mound surfaces 
due to removal of finer-textured sediments from mounds by 
wind and water eros ion . Redepos ition of carbonates at 
mound surfaces of excavated subsoil ra ised s o i l  pH values 
across and with depth in mounds , although influences o f  
long-term nutrient cycl ing , parent material d i fferences , 
and variab l e  ages o f  studied mounds may create exceptions 
to this f inding . 
Accumulation of phosphorus in mound soil was 
. apparent at several .mound s ites where mounds were bel ieved 
to have been inhabited by prairie dogs for l ong periods of  
t ime . Phosphorus accumulation was a l so found more 
frequently on large mounds . Mounds are enlarged with time 
and phosphorus accumulates on mounds used over many years . 
Prairie dog excretion habits were not observed in thi s  
study or documented b y  other authors , but it is bel ieved 
that excreta are more l ikely depos ited on large mound 
surfaces s ince a proportionately greater degree o f  prairie 
dog activity would be confined to the dimens ions of a large 
mound compared to a smalt , recently-constructed mound
·
. 
Removal of vegetation from .mound and non-mound soil 
surfaces during coloni zation wil l  decrease quant ities. o f  
phosphorus present in plant material there , but increases 
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in fecal and pl ant phosphorus within mounded soil  and fecal 
phosphorus on mound surfaces due to prairie dog activity are 
l ikely . The rol e  o f  wind and water erosion in the removal 
o f  phosphorus-bearing soil sediments from mound surfaces 
is di fficult to quanti fy ,  but is thought to be a factor 
contributing to phosphorus removal from l arge , elevated 
mound surfaces . The net result o f  long-term pra i rie 
dog activity is accumulation of phosphorus in mound s.o i l  
areas over t ime . 
Other l oca l i z ed e ffects o f  mound construction 
include decreased soil organic matter on mound surfaces , 
l es s  granular soil structure and more soil surface 
crusting on abandoned mounds , reduced total pl ant b iomass 
in active dog towns , drier and warmer mound soil surfaces , 
and increased l ikel ihood o f  wind and water eros ion from 
exposed or poorly-vegetated mound and undisturbed soil 
surfaces • . 
Ideally , pra irie dog influences on soil development 
could be isolated from related biotic , chemical , and 
phys ical factors to examine colonization and mound con-
struction e ffects on soil properties . Although thi s  
ideal ism i s  not total ly � possible , results obtained from 
this study may be used as guidel ines in further research 
involving pedoturbation by burrowing rodent s . 
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